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STAINLESS STEEL 
FOR SUBSTITUTIONS 





If your production is threatened by the short supply 

critical materials stainless steel may be your answe: 
Several types of stainless steel are in good supply, and 
are competitive in price with other materials. Latest 
N. P. A. directives have made certain types of stainless 


steels obtainable without restrictions. 


Our engineering department will be glad to consult 
with you to see if you can fabricate stainless with your 
existing tools. You may choose to save money by using 
lighter gauge material and take advantage of the su 


perior strength of stainless. 


For complete technical information and advice, contact 
the Sharon district office nearest you, or write direct ! 


Sharon Steel Corporation, Sharon, Pennsylvania. 
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Elastic Rubber Cushion Springs for Torque Load Applications by Robert Irede! 


Load-deflection characteristics and basic design proportions for torsional applications 


Current Trends in Fixed Resistors by Philip S. Schmidt. 


Detailed descriptions of the characteristics of fixed resistors for industrial electronic apparatus 


Better Ways of Evaluating Properties of Plastics by Rolf Buchdah! and L. F. Niels 


The reasons for and advantages of dynamic test methods in evaluation of plastic properties 


Hydraulic Noise Reduction by Capacitive Load Chambers by €. W. Louthan 


Spherical chambers for attenuating noise in hydraulic systems; formule for calculating most etf« 


Liquid Level Indicators and Controllers by H. W. Hamm . . 


Thirteen sketches are shown to illustrate the operating principles of many commercial instrument 


Product Designs... 


Siush pump; Lightweight engine of die cast aluminum; Internal combustion engine; Vegetable pe 


Selecting Hard Facing Materials by Howard S. Aver n 
Alloys to resist deterioration and wear caused by friction, heat, impact and abrasion 


Air Turbine Driven Spindles for Internal Grinding Machines by Paul M. Muelle: 


Grinder head unit with turbine drive, air lubricated bearings, and pneumatic speed governor 


Fitting Men to Machines 


Putting efficiency into a machine by considering the operator as a basic part of the design 


Torsional Fatigue Failures—II by J. O. Almen. 


Evaluation of stresses and fracture баалаба de veloped № torsional loads in torsion bar sprin 
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A method for checking critical frequency when material characteristics and cross-section vari 
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Why the use of d-c motors is increasing despite the fade-out of d-c power transmission 
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Design factors that influence the strength of joints in highly stressed alloy weldments 


Reaction Forces on Bevel Gears by Paul F. Horbatt 


Graphs simplify calculation of magnitude and direction of forces on gears 
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WHEN IT COMES TO 
ELECTRICAL CONTACT ASSEMBLIES... س‎ 


MALLORY | 
Has What It Tokes | 


to do the whole job fer you i 








| 

There are three reasons why you get unequalled contact assembly performance | 

when you put Mallory assembly engineering to work for you. | 

| 

Mallory facilities are unexcelled. Mallory personnel is unequalled, both from the | 

standpoint ol training and practical а‹ hievement. And Mallory experience is | 
invaluable—covering development of exclusive new alloys... designs... - LOSS 
fabricating and finishing methods . . . brazing techn ques. | plast 
duce 
Ihey add up to three-way savings for vou—in better contact. assembly. per- | Corn 
formance ... reduced costs... and relief from the problems of handling, | chen 
scheduling and divided responsibility involved in assembling your own con- | ргоо 
tact units. | reint 
| has f 

lake advantage of Mallory engineering to get better contact assemblies at lower | 
i imm 

cost by turning over the whole job to Mallory—from design and material selec- | 
tion... to fabrication and finishing of parts . . . to final assembly. BLA 
| polis 
num 
EXPECT MORE...GET MORE FROM MALLORY d 
\ contact assembly for use in an oil-immersed transformer tap changer pre- trud 
sented typical problems. It required a backing material capable of handling | Lace 
heavy electrical loads and with properties to permit practical blanking and врут SEE! this 
; | i i p ds ditio 

forming as well as a smooth finish for a high quality braze. Contacts had to ก ا‎ 

— and 


withstand heavy areing and severe mechanical impact. 


Mallory assembly engineering solved the problems by using Mallory Elkonite’ ๆ | "УЕ 


— | ` 
for contacts... a special Mallory alloy for backing ... Mallory brazing and = e du Pe 
production techniques. And turned out an assembly that has exceeded per- , 
formance expectations... ata reasonable cost. Mallory can do the same for you. จ | “ 
In Canada. i e and hy Johnson Matthey & Mallory Ltd.. 110 Industry St., Toronto 15, Ontario 


Electrical Contacts and Contact Assemblies 






















EX | ہہ‎ QUI 

usec 

P.R. MALLORY & CO. Inc. | SERVING INDUSTRY WITH | deve 
| Electromechgnical Products —Resistors e Switches e TV Tuners » VIbrators Li 

A L L 0 R | Electrochemical Products — Capacitors *Rectifiers » Mercury Dry Batteries "ess 

| Metallurgical Products—Contacts * Special Metals e Welding Materials Mas 

n 

ч ing 1 

MALLORY & CO., INC., INDIANAPOLIS 6, INDIANA aa 


For information on Titanium Developments contact Mallory-Sharon Titanium Corp., Niles, Ohio. 
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NONMETALLIC MATERIALS 


RADICAL DEPARTURE from ordinary heat re- 

sistant paints is improved Heat- Rem H-170 made 
by Speco Inc. of Cleveland. New 

| Silicone-base formulation with- 

| stands temperatures up to 1,700 F 
and forms a bright elastic finish 
that resists moisture, corrosion, 
mild acids and alkalis. 


LOSS OF STRENGTH in glass fiber reinforced 
plastics after prolonged water immersion is re- 
duced from about 40 to 10 percent when Owens- 
Corning Fiberglas' finish No. 136 is used. The 
chemical treatment produces a strong, water- 
proof bond between the polyester resin and the 
reinforcing Fiberglas fabric. Resulting laminate 
has flexural strength of 60,000 psi after 30 days 
immersion in water. 


BLACK VINYL PRIMER adheres well to brass, 
polished chrome, stainless steel, glass, alumi- 
num, zinc plating and molded phenolics. Its ex- 
treme flexibility allows parts to be formed, ex- 
truded or blanked after being finished. United 
Lacquer Mfg. Corp. of Linden, N.J., reports 
this VB282 primer air dries in 15 min. In ad- 
dition, it resists salt spray, humidity, abrasion 
and most of the solvents. 


"VERSATILE" is about the best way to describe 
duPont's new Mylar polyester film. It combines 
a tensile strength of 25,000 psi 


и with good dielectric properties‏ ر 
TR throughout the temperature range‏ 
v Ур, from 392 F down to -58 F. Impact‏ 
strength is at least twice that of‏ _ ~ 
E E any known commerical film.‏ 


QUICK-DRYING, synthetic coating that can be 
used safely on acrylic resin products has been 
developed by Neehi Protective Coatings, Inc. of 
Lindenhurst, N.Y. NE 108 can be painted on 
Lucite and similar materials without crazing 
them, proceding an opaque surface. One promis- 
inguse is for blocking off light in specific areas 
on the faces of illuminated panels. 
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NEW ADHESIVE for joining silicone rubber to 
steel in a permanent bond "stronger than the rub- 
ber itself" is one of General Electric's recent 
developments. This glue-like preparation will 
form a bond inapplications such as shock mounts 
for engines; will withstandtemperatures from -85 
to +500 Fahrenheit. 


HIGH TEMP GREASE for ball, roller and plain 
bearings remains stable to 300 F for continuous 
operation and to 350 F during intermittent serv- 
ice. The Texas Co. also claims good oxidation 
and water resistance, as well as efficient per- 
formance at high operating speeds. 


METALLIC MATERIALS 


EXTENSIVE DEPOSITS of monazite, a mineral 
containing thorium, extend 700 miles through 
\)\ the south eastern states, accord- 
ing to a U.S. Geological Survey. 
Exact extent of the deposits is not 
available because thorium is an 
atomic energy raw material. The 
thorium can be converted into a 
fissionable source of uranium by neutron bom- 
bardment, thus supplementing present supply. 
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"MASSIVE" VANADIUM having a purity of 99.8 
percent is being produced by calcium reduction 
of vanadiumtrioxide. Studies at Union Carbide's 
Division, Electro Metallurgical Co., indicate 
the material can be hot worked into ductile wire 
or sheet that has good resistance to salt water. 
Other properties are high elastic modulus, neg- 
ligible magnetic susceptibility, and weldability 
by shielded arc methods. 


A LITTLE MISCH METAL - about 50 percent 
cerium, 25 percent lanthanum and balance other 
rare earth metals plus iron - increasesthe creep 
resistance of manganese-magnesium extrusion 
alloys. According to tests at Battelle Institute, 
effect of these additions appears to be greatest 
at 600 F wherethe ultimate strength is increas- 
edírom 4,000 psi (no Misch metal) to 10,200 psi 
for additions of approximately two percent. 


continucd on page à 






































„туку м гг 
“ХРО ЛАРС НГ 


"--! 
„^з {мы 


РТ, ПИТ, 
дли! Img gg 


&a1^ittt ££. 425.4 4 11 


Every day highly skilled engineers within 
our organization provide the answers to 


these problems. Backed by the company's 


"dq 
Ta help gou РНР" 85 years' experience in this field, our 


complete engineering service is at your 
THE DESIGN ENGINEER should provide us 
with preliminary layouts or prints of pro- 
posed bevel gear designs . . . tvpe of 
drive, horsepower and speed .. . type of problem you may have. We will be glad 
loading (constant, intermittent or shock) to make our recommendations as to the 


. type of material . . . driving member best design, the proper equipment and 
and direction of rotation. 


disposal, without obligation, to study any 
bevel gear or Curvic coupling design 


the most advantageous methods for re- у 
THE PRODUCTION ENGINEER should fur- dud) seoduciontium eden. ! SPIRAL 
nish blue prints, material specifications, | \ BEVEL 
manufacturing tolerances . . . quantity of у 
gears to be produced . . . number of 


working hours available for production. 
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GLEASON WORKS 


1000 UNIVERSITY AVENUE - ROCHESTER 3, NEW YORK 
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STABILIZED PHYSICALS mark a new aluminum- 
base casting alloy as having considerable prom- 
«d uw ise. The addition of less than a 
“e -E half percent of titanium and man- 

ganese to formulations containing 
three to eight percent magnesium 
Y. < is key factor. Acme Aluminum 

MI Alloys of Dayton holds patent. 
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TITANIUM PRODUCTION has reached the rate 
of 1 1/2 tons per day and duPont predicts this 
figure will jumpto 2 1/2 tons before long. Con- 
sidering commercial production in 1948 was only 
100 lb per day, this rate of acceleration pres- 
ages a rapid increase in the year ahead. 


STAINLESS and other high alloy steels contain- 
ing less alloy materials, metals able to with- 
stand extreme heat or corrosive conditions, are 
among objectives of an intensified research. A 
Committee of Stainless Steel Producers working 
with the American Iron and Steel Institute is co- 
ordinating this important project. 


PROCESSES 


BETTER PERMANENT MAGNETS may result 
from a process held by GE. The magnets are 
7 ว ร ู ้ 4: ซ  castincavities in which heat loss 

Ke wre through the sides during solidi- 
Y vr " fication is held to a minimum. A 
—(/-/— metal chillin contact with one end 

, (^ u ha (dg of the molten alloy pulls heat out 


eU dB and causes long crystals to form. 


ORANGE PEELING of stretch-pressed aluminum 
alloy sheet is apt to occur onthe super-annealed 
material and then only if the sheet is subjected to 
plastic deformation of 10 percent or more while 
in this condition. Tests at Haviland Aircraft, 
Hatfield, England indicate the answer is to anneal 
at 275 to 325 C for one hour prior to forming. 


GLASS LUBRICATION is the unique feature of 
the Ugine-Sejournet hot extrusion process now 
being used by Babcock & Wilcoxat Beaver Falls, 
Pa. Company spokesman claims hollow and solid 
sections made of "unforgeable" materials are 
now producible and that sections can be complex. 


POROUS STEEL may give cast iron some com- 
petition. Technique worked out at Toronto's 
Ontario Research Foundation permits variation 
of density from 92.5 to 453 Ib per cu ft. Method 
is a close relation to powder metallurgy. Di- 
mensional accuracy of "porous" parts is inter- 
mediate tothat of cast iron and powdered m?tals. 
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TORCH BRAZING is successful only with certain 
of the aluminum alloys, according to Reynolds 
Metals Co. These are 2S-0, 3S-0, R355-0, 
R355- T6, 63S-F, 63S- T5 and 63S- T6. Copper- 
bearing alloys 11S, 14S, 17S and 24S are im- 
practical because of losses in corrosion resist- 
ance and mechanical properties. And the mag- 
nesium-bearing compositions like 52S and 56S 
require special techniques to avoid oxidation. 


LIMITING THE MOVEMENT of atoms in the 
crystal lattice of metals is thebasis ofa process 
Ds - > developed by the Metalloid Corp. 
A. ¿5> of Huntington, Ind. for cutting 
( i» = the hard-to-machine materials. 
a เม Nascent atoms are fed to cutting 
ЛМ) ) ง = surfaces from a compound mixed 
« 2 <= with thecoolant. Atoms "freeze" 
the top molecular layer and create a brittleness 
that reduces plastic deformation and heating. 


ELECTROPLATING a uniform non-porous coat- 
ingof aluminum on steel from a fused aluminum 
chloride--sodium chloride salt bath is one of 
Alcoa's latest developments. Optimum current 
density is 15 amp per sq ft; lower current den- 
sities produce smoother but less adherent de- 
posits. Rate of deposition is about 0.3 gram per 
amp-hr and the efficiency about 80 percent. 


COMPONENTS 


NEW SHUTTER for aerial cameras makes it 
easier to spot ground details at greater flying 
speeds. Fairchild Camera and Instrument Corp's 
Rapidyne has two sets of blades. One set opens 
and the other closes, almost at the same instant, 
thereby increasing efficiency of the shutter and 
producing clearer pictures for same exposure. 


COILED TUBING made of Alcoa's new B50S-0 
aluminum alloy is both economical and has sev- 
- Б а eral desirable features. Utilitube 

Я | ri A is easily worked, has high fatigue 
i + — 2 * strength and good resistance to 
jy» vibration, corrosion and low tem- 

I peratures. Tubing handles all re- 
frigerants except methyl chloride. 






te 


A FRENCH LOUDSPEAKER under study at the 
Institute of Inventive Research, San Antonio, 
produces sound waves with virtually no distor- 
tion. This "Ionophone" can reproduce all sound, 
including that in ultrasonic ranges, with high 
fidelity and efficiency because electrical energy 
is not translated into sound mechanically. 

continued on page 9 





















































น ล ร ส “ 





"^r 


ค 
๒ 






PL NI อ r 
Aste ett OO ว 1 1 ล จ ว จ ๕ 44 ล จ 7 














"КҮЛҮ ЖРМ КОЮ, АЕ Ш1‹ 


































































































































Another development using 


B. F. Goodrich Chemical Company raw materials 







































HIS silverware container is used in an and 
automatic dishwasher, and it saves plenty rec 
for both the housewife and the manufacturer. sent 
Molded from a Hycar rubber-phenolic com- ess: 
pound, it replaces containers spot 
made of brass screening. Its sur- 
face is so smooth that it won't 
scratch the finest silverware. It GENTLE WHITH SILVERWARE AT 
withstands the action of hot water จุ Inc. 
and detergents—has a long life. "YET TOUGH AS T COME! clip 
It's sturdier and tougher than Fs | 
brass screen types, stands up far cry: 
better under rough handling in assembly or ship- 
ping—an important manufacturing economy. BUI 
Hycar-phenolic compounds have many ad- fast 
vantages that help improve products, bring | ๕ ( 
cost-savings too. They impart extra toughness | "i 
and shock-resistance that enable molded ] 
parts to withstand more than usual abuse. In 1 
processing, they provide better molding 
characteristics ... easier flow in the mold than | 
straight phenolics... resistance to cracking 
around metal inserts in the part. FO! 
One of the many Hycar rubber compounds Bur 
may be just what you need to solve a product lam 
problem. For versatile Hycar is used as a base ine} 
material... as a modifier for phenolic resins am 
. as a plasticizer for polyvinyl resins ... as Р 
an adhesive base... as a latex for coating or = 
impregnating. For helpful technical bulletins 
and advice, write Dept. HP-2, B. F. Goodrich 
Chemical Company, Rose Building, Cleveland 
15, Ohio. Cable address: Goodchemco. 
: E NE 
B. F. Goodrich Chemical Company he 
A Division of The B. F. Goodrich Company 
| TA Sup 
for 
ing: 
con 





ycar 


Ag Us Pa of 


| = gS سے‎ = a 

аа N, Hycar-phenolic compound supplied by General = ๑ | 

—— = — __. Electric Company, Chemical Division, Pittsfield, W : 
Mass. Basket molded by Prolon Plastics Co., 
Florence, Mass. B. F. Goodrich Chemical Com- 
pany supplies the Hycar American rubber only. 


> 


GEON polyvinyl materials « HYCAR American rubber e GOOD-RITE chemicals and plasticizers e HARMON organic colors 
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WITCHING TUBE functions in a few millionths 
fasecond. GE engineers say the tube decouples 
aradar transmitter from a common transmitting 
and receiving antenna to permit the antenna to 
receivethe return signal after a radar signal is 
sent. Speed in the switching operation is nec- 
essary to attain full sensitivity of the system for 
spotting objects that are nearby. 


A TINY THERMOSTAT madeby Thomas Edison, 
Inc., W. Orange, N.J., is smaller than a paper 
clip. Ithasatemperature range from -50 to +350 
F, and should find wide use as a heat control in 
crystal ovens, hot plates and heating pads. 


BURIED IN THE HEAD of an ordinary threaded 
fastener, ceramic capacitor has several advan- 
М tages. Designedby Sprague Elec- 
ME A tric Co. of N. Adams, Mass., for 
| "HN VHF and UHF use, button type 

ง units have low ground inductance 

& ๒ A of fixed value, short and radially 
\ \ ! uniform by-pass path to ground. 





FOR FASTEST RESPONSE, the circuit of the 
Bureau of Standards magnetic clutch should be 
laminated. Analysis shows that the torque-to- 
inertia ratio is maximized, favoring fast re- 
sponse, if the inertia of the clutch output disk 
equals three times the load inertia. 


TESTING 


NEW ASTM STANDARDS are now being published 
for nodular or ductile castiron. Alsoin the 1951 
Supplements are approved changes in the Specs 
for magnesium-base alloy permanent mold cast- 
ings. The latter include temper designations to 
conform with current commercial practice. 
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LETTING RESEARCHERS SHARE in commercial 
success of projects is a remarkable aspect of 
Horizons, Inc., Cleveland. When project reaches 
commercialization stage, a company owned in 
part by staff members who worked on the develop- 
ment is incorporated. 4A percentage of owner- 
ship is then offered to outside manufacturers. 


IMPROVED, NON-TOXIC Dy/Chek formula for 
parts inspection has been worked out by Turco 
Products Inc., Los Angeles 54. Basically a 
"hide and seek" process, a red dye is applied to 
the surface and allowed to "hide" in any flaw or 
defect. Dyeisthen removed and a white developer 
applied. As the latter dries, it "seeks" the 
"hidden"dye and pulls it to the surface. 


A "WATER TABLE" for studying shock wave 

patterns beyond the sonic barrier, such as those 

tal ~a setup by supersonic jets and guid- 

ป น จ วา ed missiles, has been constructed 

จ ม э ә ( for the engineering department at 

2 ix р the University of Tennessee. The 

‘= model will be used for teaching 

future engineers the principles of 

supersonic flow. It is capable of producing data 
on effects of speeds as high as 2,500 mph. 





A NEW SYSTEM for measuring accurately the 
air consumption of single-cylinder test engines 
is the result of studies at GM Research Labs. 
It makes possible the maintenance of constant 
inlet air pressure, temperature and humidity 
independent of prevailing atmospheric conditions. 
Accurate to one percent under all operating con- 
ditions, technique utilizes the principle of criti- 
cal or sonic flow of gas through a convergent 
nozzle. Other systems, which use conventional 
orifice meters, may result in an accumulation 
of errors that total as much as 20 percent. 


THIS MONTH’S COVER 


Testing the Allison CD-850 General Patton Tank transmission. This 
3000-pound unit, which is a combination mechanical hydraulic torque 
converter unit, is run on a test stand for a minimum of two hours, at 
which time every function of the transmission is checked. This includes 
the input torque, total torque, brake check and check for leaks, pump 
operation, pump pressures, and left and right steering mechanism. Approx 
imately five minutes of the total running time of two hours is at 2800 
maximum rpm. After each transmission goes through test procedure, it is 
in perfect condition and ready for installation in the Patton tank. The 
same precision is used in the manufacture of the CD-850 as is used in air 
craft engine manufacture and test. 
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Can you use a heavy liquid that has contributed 
greatly to simplifying design and fabrication of 
certain products? 

Acetylene tetrabromide is an unusually heavy 
liquid with a specific gravity of 2.95. In the absence 
of sunlight, acetylene tetrabromide is stable in 
dry air. And, when sealed in an opaque container, 
it will not break down. 


Acetylene tetrabromide is comparatively inexpen- 
sive and finds wide use as a gauge fluid and as 
the movable part in vibration dampeners. It is also 
used for mineral separation by specific gravity. 
GIVE A SEARCHING LOOK at the properties of 
acetylene tetrabromide. Then, if you desire fur- 
ther information or technical service, write or 
wire Dow. 


C, H, Br, 


Properties: 

Clear, colorless liquid with a mild sweet odor. 
Specific gravity at 25/25'C. 

Pounds per gallon at 25°C. 

Boiling point ot 15 mm. Hg 

Freezing point 

Fire point 

Flash point 


Solubility, grams per 100 grams solvent: 

Alcohol at 25°C. 

Carbon Tetrachloride at 25°C. 

Chloroform at 25°C. г ж ae ж Жж ож 9 
Ether at 25°C. RW NE а © 
Water at 30°C. зы < 0 
Water at 80°C. 2 0 


THE DOW CHEMICAL COMPANY * MIDLAND, MICHIGAN 


Send for free sample of ACETYLENE TETRABROMIDE 


The Dow Chemical Company 
Dept. OC. 20A 
Midland, Michigan 


Name 
Company 
Address 
City .. 


Dow. 


CHEMICALS 


INDISPENSABLE TO INDUSTRY 
Beis " 
, ANO AGRICULTURE 

xi ~ e zt. aot 
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FOREIGN 
NEGOTIATIONS 


The United States is bartering wherever it canfor strategic and short 
supply metals. Negotiations are going on with the Belgians for industrial 
diamonds, with other nations for columbium. The recent conference 
between Prime Minister Churchill and President Truman produced an 
exchange of U.S. steel for Malayan tin and Canadian aluminum. The 
U.S. has also bought twenty-five thousand tons of raw rubber from the 
British to put into our defense stockpile. 

In exchange for one million tons of steel--80 percent in ingots from 
the U.S., the rest in scrap and pig iron bought abroad and deferred to 
the British--the United States will get twenty thousand tons of tin, priced 
at $1.18 a pound. Canada is giving the U.S. thirty-three million pounds 
of aluminum, tobe paidback next year out of new U.S. production capac- 
ity. This exchange is in addition to twenty-two million pounds already 
contracted for. TheU.S. is also working on an arrangement to get some 
copper from Canadian sources. 
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DEFENSE Washington still hasn't all the answers on the effects of the slow- 

SLOWDOWN down of military production. But one fact now is clear despite the fog 
of confusion: there will be cancellation of some prime contracts and 
many more subcontracts. It means a shift in future plans. But no one 
in the armed forces, or anywhere else in Washington, can tell precisely 
what contracts and subcontracts will be killed or changed. 

Officially, the explanation for the slowdown is that we have become 
strong enough in the eighteen months since Korea to tinker a little more 
with design-toget a much better jet plane than the Mig-15; better tanks, 
guns and other equipment than the Reds. The economy can much better 
stand the impact of twoor three fifty billion dollar military budgets than 
one, perhaps two, of more than seventy billion. 

The services have been extremely hesitant tofreeze specifications for 
any new weapons, out of a very healthy dread of obsolescence. But they 
still seemed bent on making a delivery record at the same time. The 
civilian mobilizers have been just as reluctant to cut back auto, appliance 
and other civilian goods production. They would have had to slash ma- 
terials for civilian products farther than ever in July if the military had 
won its seventy-one billion dollars. 
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CIVILIAN GAINS It is hard tocalculate the precise benefits that will accrue to civilian 


production out of the military slowdown. There will be some gains, 
starting in the second quarter, when one million pounds of aluminum 
above their scheduled April-June supply will be alloted to automobile 
producers. A smaller amount will be distributed among other consumer 
goods manufacturers. 

The extra aluminum will come from approximately thirty-nine million 
pounds being taken out of previously set allotments for the Air Force for 
the quarter. But the rest of the big turnback will be used to fill out first 
quarter allotments for which producers, mainly of military items, are 
now unable to fill orders. The same goes for most of the more than ten 
million pounds of stainless steel also being turned back by the Air Force 
in the second quarter. But there will be little or no extra copper. 


(continued on page 
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@ Shock and vibration increase the mainte- 
nance cost and reduce the life of hydraulically 
operated equipment. A Greer Accumulator 
absorbs these shocks to an amazing degree. 
It prevents structural fatigue, increases life of 
components, permits operators to work in 


comfort, and greatly increases productivity of 
equipment. 


Various Greer bulletins cover specific 
solutions of shock and vibration problems, 
including line shock suppression, pulsation 
dampening, and shock absorption on various 
types of equipment. Write us your problem. 


GREER HYDRAULICS, INC. 


458 18th Street * Brooklyn 15, N. Y. 


Sales Representatives in Principal Cities * 
District Office: 407 So. Dearborn St., Chicago 5 


HYDRAULIC PIPE 
AND HOSE MANIFOLD 


i о МУ 
| We = Hydraulic Controls 


J) S PATENTS UNDER OLEAR LICENSES 


Bucket loaders, power shovels, and other tracked or rubber- | 
tired machines equipped with a Greer Accumulator are free | 
from destructive as well as nerve-racking shock and vibration | 
caused by rapid changes in momentum of the loaded bucket, or 

when traversing rough ground. Schematic diagram showsatypi- | 
cal application. Section shows simplicity of a Greer Accumulate: 
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Civilian allotment rates forthe rest of 1952 probably will come close 
to the level already set for the second quarter. This means most pro- 
ducers of civilian goods will get about fifty percent of their pre-Korea steel, 
twenty-five to thirty percent of the aluminum, eighteen to twenty percent 
copper. Next year, possibly in the last two quarters of 1952, supplies 
of steel and aluminum will become more plentiful for the consumer goods 
maker. Bythenhe'll be getting metal from new production plants as well 
as from the military cutback. 


The mobilization pinch on raw materials is forcing redesign of ap- 
pliances. Manufacturers have gone about as far as they can in cutting 
use of critical materials by easy production switches--doing away with 
gadgets and trim, substituting more available materials for critical 
metals in parts and surface features. But for the rest of 1952, at least 
they are going to have to cut back even further on use of some key 
materials. 

Nickel is needed in increasing quantities for jet aircraft and ordnance 
because of its heat-resistant and hardening qualities. Appliance makers 
have made drastic cuts in their use of this scarce metal: to forty-three 
percent of pre-Korea consumption for electric kitchen ranges, forty- 
five percent for washers, thirty-five percent for refrigerators. 


One company reduced its nickel use ninety pounds per 1,000 refrig- 
erators by using chrome steel instead of nickel stainless for shelves and 
other exposed parts. Another refrigerator maker went even further, 
saving 149 pounds per 1,000 units by using enameled steel and chrome, 
and eliminating all nickel plated and stainless parts. Savings by electric 
range makers amount to 1.43 pounds per range overall. But they are 
nearing the end of their rope on savings of this type. Without redesign, 
nickel is essential for range heating units as well as for heating elements 
in dryers, ironers and other products. There has been almost as much 
conservation of copper, which is just slightly less scarch and about as 
essential for appliances as nickel. One producer of electric ranges 
rewired all his lines to save copper wire. Another redesigned valves 
and fittings to save eighteen to fifty percent of the brass used for each. 
A refrigerator maker saved 3,500 pounds of copper per 1,000 units by 
cutting sheet thicknesses and eliminating some copper entirely from 
other parts. 

The same story is true for aluminum. A manufacturer of home washers 
reducedhis aluminum use last year by 150, 000 pounds by using cast iron 
instead of aluminum die castings for motor end bells. Another saved 
40,000 pounds by using plastic instead of aluminum agitators. Most 
washer makers have substituted enameled steel for aluminum sheet in 
many parts. But you can't take much more critica] material out of ap- 
pliances by this kind of direct substitution and simplification of parts. 
Next step is to design substitute materials into an entire product. 


Military, atomic energy and defense requirements for components are 
increasing steadily and so are materialtroubies. Copper is the bottleneck. 
Valves and fasteners are in short supply. Heavy transformers are in 
worse shape. More copper will be shoved from light transformers to the 
heavy. Substitution of cast aluminum for copper in fractional hp motors 
has relieved the situation somewhat. Copperclad aluminum wire is being 
shipped from Germany as an added help. One firm distributing it in this 
country is receiving 200,000 pounds a month. An American firm is man- 
ufacturing it in lesser quantities. This material is used for conducting 
large amounts of current behind switchboards. ๑ 
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MEYER FURNACE 
PROVES ©fpeed Nuts 


v step up production \/ cut reject rate 


V simplify dealer installation 


Those are three mighty important advantages 
to any manufacturer — especially today. The 
Meyer Furnace Company, Peoria, Illinois, did 
it by using only 24 SPEED Nurs on their Oil- 
Fired B Series Furnace. Reports reveal a savings 
of 15 minutes assembly time per unit and a 25% 
reduction in the reject rate. 

The third advantage is highly important to a 
furnace manufacturer. Anything he can do to 
make the dealer’s installation job easier 
and quicker means a tremendous premium 
in improved dealer relations. Meyer accom- 
plished this by changing from fixed, welded 
bolts to SPEED Grips* for attaching the 


tch shows location of 4 bolt 

retained by 4 SPEED GRIPS. Flange of 
burner placed over SPEED GRIPS 
Bolts through flange are easily aligned 
provided by SPEED 
GRIPS. No need to bend ‘bolts and 


damage thread Burner s ea y n 


to “float 


talled, easily serviced 


pressure oil burner. This change in installation 
eliminated dealer complaints on time wasted due 
to misalignment of bolts and burner flange. 

This is a good time to look for little ways to 
save big dollars. And you’re sure of specialized 
help—supplied by your Tinnerman representa- 
tive. Call in this ‘‘fastener expert’’. Write for 
your copy of "Savings Stories" case histories. 
TINNERMAN Pnopnucrs, INc., Dept. 12, Box 
6688, Cleveland 1, Ohio. /n Canada: Dominion 
Fasteners Ltd., Hamilton. In Great Britain: 
Simmonds Aerocessories, Ltd.,Treforest, Wales. 
In France: Aerocessoires Simmonds, S.A.—7 
rue Henri Barbusse, Levallois (Seine) France. 
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IN STEP WITH ALL OTHER INFLATIONS, the cost o 
operating colleges and universities has been steadily 
increasing. On account of higher and higher personal 
income taxes, college income contributed by private 
individuals is on the decline. Returns from endowments 
are decreasing. More and more of the cost of operating 


a college or a university must come from tuition fees 


Tuition is only one portion of the cost of a college 
education. The student must have food, shelter and 
clothing. He also must buy books. All of these costs 
have increased. Today it costs approximately twelve 
hundred dollars per year minimum for a man to go to 
an engineering college. Many cannot afford it. That 
has always been true. What is the answer? 


Although the annual cost of a college education is 
almost three times what it was thirty-five years ago, 
salaries and earnings have also increased in about the 
same ratio. Hence the average man today earns more 
money that might be used to educate his children 
However on account of the ever increasing taxes the 
‘take home" pay is considerably less, perhaps even less 


than a decade ago 


The whole situation has been created largely by thc 
tremendous expansion in federal spending and the cost 
of socialistic government programs. The “government 
boys" offer a solution. In President Truman's budget 
transmitted to Congress there is included a “rather 
insignificant fifty million dollar item” which is slated 
to be used to send possibly thirty thousand or mere 
students to college at government expense. The pro 
gram would be administered by the Office of Education 
which would presumably spend the usual twenty or 
thirty percent in administrating the thirty million dollar 
fund leaving twenty-one to twenty-five million dollars 
for scholarships. That would not be enough to send 
25,000 to college 


The proponents of this program stress the great need 


for more college graduates. Obviously this carefully 


studied plan will further extend the powers of the 
federal government in controlling education 
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Colleges and Political Domination 


It is axiomatic that sooner or later this wondert 
ounding scholarship program wo Па get tainted with 
scandals comparable to mink coats, R.F.C. loans, t 
ollecting and other federal operations It is als 
axiomatic that any such program would be extremely 
inefficient in its operation and its cost would f 
xcess of a reasonable percentage of the amount ot 
noney distributed for scholarships 

Free scholarship programs sho iid | onducted or 
ocal level and not on a national scale where the admini 
strators are far removed from the university, the student 
and the control of the tax payer. Tho isands of student 
are now going through colleges on free scholarships an 1 
loans provided by universities, private endowments 
states, and industry. The federal plan is merely t 
increase the numbers and thereby gives the у; и 
Washington” a chance to be “indiscreet” with the fund 
and to build still greater political weapons 

A far more equitable, effectis ind effi nt method 
of lightening the burden on parents giving their hildret 
a college education would be to make all expen lit 
for a college education tax exempt. In other wor ] и 
iddition to the usual dependence exemption the tax 
payer could claim as an exemption all of the mon: 
spent on his child or ward for tuition, books, board 
ind room and all other expenses incurre 1 in giving his 


hildren a college education. Effectively, that would 


] X esti Pee 
reduce the cost of a college education twenty 


or more 
p 1 1.1 
A further step toward the solution of this pro 
1 + 1 Рф r 
would be greater support of our technical institutio 


by private industries through the medium of en lowment 


grants, scholarships, donations of laboratory equipmer 


. а 
and similar contributions. Federal support should 

the last resort. It is a definite step toward dictatorship 
At the best it is inefficient, costly and wasteful and 
almost invariably involves, sooner or later, graft and 


corruption politi illy known as impropriet 
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At New Departure . . . 


Your bearing's performance 
is tested and proved 
before you use it 


Considering the big part ball bearings must play 


in the efficient operation of your machine, it is 
important for you to kvow, and in advance, how 
the bearings will perform. 


For example, you need to know what results may 
be expected from each type of grease under vary- 
ing conditions. 


Supplying you with this information is just one 
of the functions of New Departure's new and 
ultra-modern engineering laboratory. 


To help you get the answers: 


What is the determining factor of seal-bearing life? 


How operating conditions contribute to metal 
Исту О Like ๕ et fatigue? 


Which has the most effect on grease life—speed 
graph, “Grease Lubrication 


NEW DEPARTURE | > 


Lubrication selection. 
BALL BEARINGS 
Manager of Research, Developmentand 


NEW DEPARTURE + DIVISION OF GENERAL MOTORS D. ill i Ба 
BRISTOL, CONNECTICUT — 
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Fig. 1—Experimental torsion spring test specimens. 
M Springs consist of rubber cylinders placed in the longi- 
tudinal spaces between load member and fixed member. 


Fig. 2—Four-sided torsion spring of typical Neidhart con- 
struction. In resisting relative rotation between the tubes, 
the elastic members roll and yield under compression. 
(A) Spring with no load applied. (B) Spring loaded to 
nearly maximum torsional deflection. 


ROBERT IREDELI 


D M 


Elastic Rubber === 
Cushion Springs 


For Torque Load A pplications 


is THE RESULT of engineering re 
search in the field of possible uses for 
rubber in industrial applications, a 
torsion spring has been developed 
that consists of an unusual combina- 
tion of rubber and metal parts. Its 
implicity of construction and uniform 


performance are qualities that are de 
irable in many applications. 

The torsion spring, Fig. 1, consists 

asically of abu parts in the form 

f cylinders that are contained within 
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spaces betwee: n 

and inner shells or sleeves of polyg 
onal cross-sections. A sectional view 
of a typical four-sided pring is shown 
in Fig. 2(A) with no load applied mi na H 
[he rubber rolls are assembled be- 
tween the inner and out 
slight radial compression and mai elastic ¢ 
tain the tubes in coaxial positions. No | 
а lhesive bond IS pre sent betw en the 
rubber parts and the tubes Fricti ist 


tubes under 


น ล rg 


‘omar 
E IOSA Arr 


„2 ҒЫ 


`» 


+1 


л/ 


Ц 


ส ์ 


CONE LEE ¥ 













8 


HI 
кН — 








| t 
pty ——— 






8 ๕ 






| ә 
+ | | | | 2 4 +++++— t 
$ ] 5 || 
o | c 
5 | m^ 
س‎ + м 
& +—+ | E 
$ | Е 
с уч 5 
c | © 
© + + + | + 
а c 
๑ ๑ 
จ Eni d Е 
. 2 | = 
5 | T 
Е + + 4 4 i 
z | 2 
5 | © 
2 س‎ 5 
| ๕ 










| | | 2: | | 
16 20 24 28 32 36 40 100 200 400 600 1000 2000 5000 10000 
Torque deflection, deg Ultimate design load per inch of rubber length, Ib-ins/in 
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eh 
iently to offer enough increase in sided spring shown in Fig. 2. The configuration, the maximum load, 100 ) 
friction to prevent any slippage or size relationship of the component percent, is measured at the ultimate fi 
hafing at the contact surfaces of the parts in this basic design is in the — design deflection of 42 deg Actually, n 
rubber parts and the tubes. The in design ratio 1:2:3; that is, diameter this spring could deflect more than Of 
reasing resistance of the deformed of rubber element is 1X; distance the theoretical maximum of 45 deg о! 
! er elements provides a spring in across flats of the inner tube is 2X; — In Fig. 4 is shown the relationship bc he 
which the increments of angular dé and the distance across flats of the tween rubber diameter and maximum | 
flection decrease with increasing in inside surface of the outer tube is 3X. torsional load, or load at 42 deg. de | 
ments of torque, so that snubbing The material in the elastic elements flection per inch of rubber length. 
occurs during the last few degrees of is a high modulus, high flex, low A design consideration that should 
notion ompression-set type of crude rubber. not be overlooked is that to obtair T 
With load-deflection performance Phe characteristi load-deflection reason le stal ility the length of th un 
lata available for a spring of a given curve of this basi design is shown in rubber elements should be sever 
lesign, the performance of other siz Fig. 3, wherein load is plotted as a times their diameter; a satisfactory Ex 
prings of the same basic design can rcent of maximum, which is deter- minimum ratio being dependent upor Ne 
¢ plotted mined by the geometry of the polyg ıe application. A minimum ratio of 
ya lesion consists of a pive nal configuration. In this four-sided 3 to 1 can be used for couplings Fi 
onship among the compo 
t] a given compression modu 
| т tn elasti ompound and 
polygonal members with a given num N 








| |, А load-deflection curve 
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tiot required | 
hart torsion spring for practically any 
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In Figs. 3 and 4 are shown a set 
of curves for one basic design havir 
onfiguration like that of the four р | 
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hicular suspensions, ratios ranging sign shown in Fig. 2, in which th 


from 8 to 10 to 1 are preferred. А design ratio is 1:2:3 
fhcient length is needed to avoid elements are made from comi 


nd effect" on the rubber in compres No. 31460. The 


condition 


on and to rainimize conical defle satisfied is that a deflection of 
1 


tions of the spring that result when is desired at a torque load of 
moment of the load is applied to Ib in 
n'y one end of the spring SOLUTION. From Fig. 3 for this ba 
With complete sets of curves avail lesign, at a deflection of 30 deg 
le covering all basic spring designs torque load is 45 percent of the 
design engineer can readily choose 


| | | mate design load. The 
best combination of material and sign load. therefore. is 
ue proportions for perform (10.000 x 100 
۱ d econom , | 

e and economy гк aecemd abet 
EXAMPLE. Find the dimensions of a nite rubber length t 


Neidhart spring 
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:2:3, and the rubber 
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ation to the chassis as required ру teners | his coupling 15 disconnecte 


4 


experience. by removing one ring fastener an 
[he fluted design for adjustment sliding the casing to one side. Tl 

f angle shown in Fig. 6 is more ex- coupling shown in Fig. 8 (B) is sin 

pensive and refined than need be. lar except that deep drawn flang 

For quantity production, an arrange- parts replace the hexagonal tubes 

ment like that shown in Fig. 6 could the casing. 

first be used experimentally to de Coupling elements are shown s 


1 1 


the best working angle for matically in Fig. 9 assembled on 

| application and then manufacture V-belt pulley, a flat belt pulley and 

ons of vehi the spring with that angle as a fixed hain sprocket wheel. The mour 

pension for trailers ingle. In Fig. 7 is shown a practical ings permit these transmission el 
ity is shown i and inexpensive spring suspension for nents to align themselves axially 

! ton utility. trailer Other torsional suspension appli 

As a torsional ushion, the Neid เง ท ร include those for seats for trà 

hart spring can be incorporated in — tors, trucks, and busses 


section drive couplings and in the hubs of pul 
the in- leys and sprockets to absorb the shock CONSTRUCTION AND MATERIALS. T] 


n section caused by sudden accelerations that polygonal members can be met 


s maintained occur in speed change and reversing, sta pings, extrusions, castings, о 


tube by rubber to compensate for slight maladjust- forgings. Roughness of rubber cor 


es | ments of alignment, and to obtain  tacting surfaces is not usually impo: 
trailer noiseless operation. tant, but a uniformity of surface cor 


Ihe flexible coupling shown in dition is desirable. There should 
e no sharp edges or b 
their respective shafts at contact areas that could cut or chaf 


1 1 L1 


s, twelve rubber t rubber. Reinforced plastic parts 


casing having a have been tried with success. Wher 


1 
} 
เ 


Fig. 8 (A) consists of two hexagonal however, 
id | 


ind two snap ring fas mass pro luction 1s in. prospect alumi 
| 


ТТ 


and permit transmission elements to 
i ves axially. (A) V-belt pulley. 
this construction the р . (B) Flat belt pulley. (C) Chain sprocket wheel. 
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DAMPING CHARACTERISTICS 


1 


| 
working Of the f 


«Outside member of Bearing 


Torque load applied io 
spring fixed 


outside spring member 


ў ^ 
© Outside member — Torque lood applied to < Outside member 


of spring fixed outside spring member of spring fixed 


as in hinge 


Fig. IO (B) 


Fig. 10—Multiple spring arrangements for obtaining large angular deflection. 
(А) Coaxial arrangement. Because of the limited space available the 
view shown here is of the right-hand end only of the spring, its left-hand 
end is symmetrical with the end shown. (B) Straight line series arrangement. 
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PHILIP S. SCHMIDT 
Stromberg-Carlson Company 














While established types still dominate the feld, 
many new resistors have appeared as the result 


greater stability, closer tolerances and lower cost. 
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UNTIL RECENTLY most civilian ne 
for resistors have been met by ty; 


developed a number of year 





These needs, for the most part, wer 
for 
Low 


1 


resistors 


Wattage 





) 


2. Relatively high wattage, low pr 
cision resistors 
3. Low wattage, high precisio 





resistors. 

Requirements of the first class has 
been met mainly by carbon compo 
tion resistors: those of the second by 
power wire-wound resistors ; and thos 
of the third by accurate or high preci 
оп wile wound units 

A number of new resistor type 
have appeared as a result of app! 
tions calling for wide temperat 
ranges (—65 C to 200 C), minia 
turization and lower cost. The n 
ipplications and new conditions of 
use presently being encountered | 
resistors have served to point 
shortcomings of conventional 


Composition Resistors 


A composition resistor is made 
of carbon with an organic binder. А 
common method of construction, Fig 

is to form a symmcetrical pellet oí 
this composition, bond leads to the 
ends of the pellet, and then mold 
case, usually of a phenolic resin « 
Bakelite, around the assembly wit! 
the leads projecting. The case ins 
lates the pellet and prot ts it fror 
external hazards, such as high hun 
ity. An alternate method of constr 
tion involves attaching the leads 
the pellet, slipping the pellet-lead 
assembly through a ceramic tube, the 
sealing the ends of the tube w 
ement., 

The method of attaching the leads 
to the pellet is important, as the lead 
serve to dissipate some of the heat 
generated in the resistance element 
Often, the leads are embedded in th 
resistance element. In some cases, 
enlargement in the shape of a nailhead 
is formed on the lead. The upper sur 
face of the nailhead is attached to t! 
end of the pellet 

A third type of composition resist: 
uses a tube of special glass. Leads 
having an enlarged portion arc 
serted into the tube with the enlarged 
portion flush against the ends of the 
tube. The resistance material is bonded 
to the outside of the glass in a thin 
layer with a fillet built up around the 
enlarged portion in order to mak 
contact. 

Axial leads have virtually supe: 
seded the earlier radial type, at least 
for sizes of one watt and under. Som: 


radia!-lead types are s ill. recognized 
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y military specifications in sizes 


» watts. Composition resistors, being 















small and light, are usually supported 
by their leads. 

Standard resistance values for com 
position. types range from 10 
to 22 megohms in wattage ratings 
from 1 to 2 


ohms 


watts, with some manu 
facturers producing models having up 
to 5-watt ratings. The nominal value 
of resistance is usually indicated in the 
case of resistors by a 
color-coding scheme in which the first 
color indicates the significant 
figure of the value; the second color 
the second significant figure; | 


composition 
hrst 


and thc 
third color, the number of zeros fol 
lowing the second significant figure 
Table I indicates the placement and 
meaning of Insulated 
may have any body color 
except black, the latter being reserved 


for uninsulated ty pes 


Cac h color 


resistors 







The manuta 


Insulating case 





Composition resistance 
material 





Fig. 1—Composition resistor is made up 
with organic binder. Note 
ends of leads for attachment 


of carbon 





headed 





turing tolerances of 


composition r€ 





sistors may also be indicated by color 


as shown in the table. 
The voltage rating of composition 
1 cadi - 


10W voOitages ру 


resistors is defined at 





the relationship 
I v PR 

where E is the voltage rating in terms 
of d-c or rms values, as the case may 
be; P is the rated power in watts; and 
R the nominal resistance in ohms. At 
high voltages, the dielectric constant 
of the resistance element and the volt 
age gradient are the determining fac- 
tors in „performance. 

The relative instability of composi 
tion resistors under heat makes solder 
ing a problem, since installation in a 
circuit may alter the value of resistance 
markedly. The applicable military 
specification holds the permissible re- 
sistance change after soldering to 3 
percent or less. On momentary over- 
loads, resistors for the military must 
withstand 2.5 times rated voltage for 
5 sec with less than 5 percent change 
in the resistance value 

Temperature coefficient of resistance 
is generally stated as the percent 
change in resistance per degree C, 
relative to the value at 25 ( The 
voltage coefficient of resistance is the 


percentage change in resistance with 
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an increase of on рр 
і! 

potential Ih เล оеп nt ol 

I 

composition resistors Clatively 

small, репо iin 1 ( 05 


percent. 


Composition resist 


| 

limitations as the ambient te perature 
15 raised It is custi \ O derate 
such resistors for use in high ambients 
Ihe derating curve, Fig. 2, is that 


given by Joint Arn 3 ecifica 
tion JAN-R-11, covering Resistors 
Fixed ( omposition 


The Power Wire-wound Type 


W here 








appreciable amounts о 
power must be dissipated, th 
designer must rely on power w 
wound types As | ed in Fig 
3(a), these generally omprise а се 
tral tube or ore ol пк ого 
insulating material \ ig of ге 
sistance wire, a set of terminals fas 
tened to th core and a oating Of 
insulating material to k ep the wire 
in pla c and to protect it against 
shorted turns, corrosion and abrasion 


а 23 R 
serve; tO hold thc 


coating also 


Lhe 

terminals firmly in pla 
An exception to the conventional 

type of construction incorporates wit 


upon which an inert coating is sintered 


before winding, Fig. 3(b) Even 
turther protection 1s afforded by pla 
Ti 

ing the core and winding inside a 
ceramic or a glass tube and h 

11 1 + ] 
cally sealing the ends 

Resistance wire for power w 


wound resistors is generally an allo 


of nickel with chromium or copper 
the specific resistivity ranging from 
ohms per circular n l-foot at C. M 
number 30 alloy (2% N 8 € 
u to SOU ohms per lar [OX 
for nickel chro m in tae proportii 


Table I—Resistor Color Codes 








> r PERY т T 
VA RN f | 
атм | 
КА М = 
ЧИ bg Ed 
F. rSf s gnificant 7 eronce 
finure 
gure อ น น อะ dd anie 
Second significant muit уди 
figure 7 
S { Multi 
ignificant 
Color Б plying 


Figure 


Value 





e 


Black 0 1 










Brown 1 10 

Red 2 10* 
Orange 3 10° 
Yellow 4 10° 
Green 5 10° 
Blue 6 10° 
Violet 7 10° 
Gray 8 10° 
White 9 10° 
Gold + 5% tolerance 10-1 
Silver -- 10€; tolerance 10-* 


No color +-20% tolerance 



























‹ \11« S 1 | \ 
ij 5 to r 
pa 
oating 
The « ng pk 
W Ww 1 sistors 15 ( 
1 
in orgali 1 1 ‹ 
he torme s brough ) 
oating whe por s nt 
hard, smooth coat lhe coating 
, ง “1 tor for heat 
good conductor tor neca 
the winding Ciectrically 
Power wire-wound resistors à 
че и atings wee! ind 
Natts in V ilu 5 ^ ;- % 
ind S h eh is { 1 
standard tolerance ot power м 
wound resistances 
even --1*c may had on 
cial orde r, aS May ต อ ก เค พ Valu ol 
resistance 
Resistance values of  wire-wound 
^» 
] + Y ~ 
types are limited by the m siz 
of wire and the maxim gth í -- 
s : C 
tube it 1s feasible to emi Va a 
i ; i { 
intermediate to моск Yai 1 fv 
t 2- 
obtained by specifying an adjustable CY 
resistor, Fig. 3(c) This is simula ES 
to the fixed type, but a portion ot 1 
เ : 
turn is exposed and an adjustable oand pe 
i i : 1 
is provided. The clamp may be tight $. 
ened at any desired position along the - 
2 


+ + 


tube to makc ontact With an expose 
і 


turn Of wire 


narit 


Adjustabl resistors af isctul as 





















voltage dividers, but the possibility of เ 4 
lamage through repeated tightening - 
1 i 
ot the clamp on the resistance Wir 
has prevented their acceptance by tl 
military Where greater ease of ad 
mcer 15 I ү а VI 
s E 
usia le 1 จ 10 | ( › 1% 4 ` 
ful. Itis mad resistar m ๐ - 
с 
0 )0(0 ohms i ha 1 iting ot = 
ne watt. Wh resis i 
required but adjustment is not, 
sistors with taps in prearranged posi 


tions can bc us 


While 


the smallest of power 


| Wire 
wound resistors can be supported by 
their terminals, the weight of most 
power-type resistors n ike brack 
mounting necessary. Th rackets are 
insulated from the winding or, where 
the resistor is to be mounted on 
insulated panel, form } of the t 
minal. The ty} e of resistor shown 
Fig. 3(a) may be mounted by a metal 


lic strap around the outer ceran 


housing. The terminals themselv 
” +} 1 v T! Р. I e $ rr * + 
are either lug, pig-tail or 1 le type 
(the latter designed to fit stand 

fuse clips), or may even have the 


| 
Edison screw base 


descent lamps. However, in the 
smaller ratings of power wire-wound 
resistors, such as the 5 and 10 watt 


units pictured in Fig axial 


tandard on incan 


> (e), 







































Ohmite Mfg. Co. 
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« for fixed composition resistors indicate 
> , ve , ๑ D { 
Fig. 2 — Derating - Mate that can be applied safely to a 
wattage е d i i 
percentage ot some her oe 40C. Characteristic designations 
resistor at temperatures - , red in specification JAN-R-11. 
apply to various resistor types Cove! 
‹ T high humidity, or salt air, are limited 
і n ge ol пр! lower working temperatures. In 
1 g no mout ses, the allowable working 
ง г lost à . + | 
ог ра! Iriiing mperaturc may be limited. not by 
Po the resistor itself, but by the tempesa 
ot ture characteristics or insulation of 
el or cl |t extending nearby components 
оир] n the form The winding tubes employed for 
h vash e in power resistors are not always round, 
lad } í { ry } tm | + у 
1 ot] yf form to it may be relatively flat in cross sec- 
orb sho ( mount on. This is an advantage because 
g pow У rs sistors wound on such forms offer 
le full pre ‹ ltag high power-space ratio and may be 
kdo 0 tacked compactly, Fig. 3(f). How 
‹ p good ventilation must be pro- 
Ih Шома | 1 | 0 1€ etween the individual resistors 
о 1 tor ae Ot a grout 
ned tne (< ) wl I Another fla power resistor, Fig 
y ari le. The ilat atin 3(2), 15 designed to be mounted 
oye 50 weak link gainst the chassis. A metal outside 
ough a number oating ising transfers heat from the interior 
ulable which will withstand the of the resistor to the chassis for ra- 
EMA and Underwriters’ Labora diation, The insulating material is 
r ratings of 300 C temperature mica-filled phenolic compound 
Other coating signed for Whereas other types of power re- 
iximum pre on against fungus, stors are rated in watts of dissipation 


at 100 C 
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International Resistance Co. 


in "free space" (no object closer than 
12 in. except for mounting clips, 
which may be not closer than 2 in 
below the resistor), this type is rated 
when mounted on a 10 in. square steel 
plate 3 in. above a wood table top 
The resistor is designed for operation 
a 40 C ambient. 


Free space is seldom encountered 
in practice, so a derating factor must 
bc applied for most applications. The 
value of this factor depends on the 
application and is determined from 
experience rather than tabulated data 
As a general principle, power wire- 
wound are better mounted 
horizontally than vertically to benefit 
most from rising air curents. 


above 


resistors 


Since wire-wound resistors are es 
sentially coils of wire, they have 
appreciable amounts of inductance and 
some stray capacitance. To improve 
the a-c performance of any wire-wound 
resistor, a non-inductive winding, such 
as the Ayrton-Perry, can be used. The 
Ayrton-Perry is a helical winding 
having spaced-apart turns, with an 
other winding in the opposite direc 
tion being laid between those turns 
But the Ayrton-Perry windings obtain 
their improved reactive effects at the 
expense of lowered maximum resist- 
ance for a given resistor size. A sec- 
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Fig. 3—Various types of fixed resistors: (a) Power wire-wound - 

(b) Hermetically sealed power wire-wound; (c) Adjustable ~ 

| ' power wire-wound; (d) Arc-type adjustable; (e) Power wire - 
(ans Soon A22624 "m how wound with axial leads; (f) Flat wire-wound; (2) Flat ми! > 

à - (9) metal case; (h) Disk type non-inductive ; and (1) Non-inductive 3 


International Resistonce Co. 


“+ 
- 








e 
1 nd type of non-inductive — resisto wire-wound class of resistors by wit 4ا‎ 
E Figs. 3(h) and 3(1), employs a flat ing enameled resistance wire on a S ~ 
| eramic plaque having grooves or r spool or bobbin. This sp ol is usually \X จ 
d esses to receive the wire. The wire ceramic, but may be plastic if weigl 0 
|] is not wound around the core but is is a factor. A bolt passing thro 0 | / 
a laid back and forth in the grooves on a hole in the center of the spool is | ( | 1 
a | the flat surface of the plaque. The used to mount the resistor against tl 1] . | : 
flux linkages set up by each segment chassis with alum = 
d of the zigzag winding tend to cancel Terminals of precision resistors ar increasing favor. In Fig ¢ < 
st those set up by the adjacent segment, formed from pig-tail leads wo ind 1 comparison of the ( 
» so that the total inductance is less around the body of the spool near the ficients of this alloy 
ie Also, because there is only a small ends or, sometimes terminal caps No 
m potential difference between segments are cast of white metal around the n type ( Ot iS to 
ш while the distance separating them is ends. Terminals are supplied in pig 5 megohms. the latt eine ol 
" omparatively large, capacitance effects tail or lug form, projecting radially or tained fro о о 
ед ire reduced. axially i 2-44 in. long by 7 \ 
fit In addition to the larger types, wire The resistance capabilities of accu Precision resistors ibl 
wound resistors of the non-precision rate wire-wound resistors are deter witho 
а lass are supplied in small ratings (1 mined principally by the characteristics 
уе Pha — ш mold d housings, sim of the wire. The maximut sistance wind | 
d ır to those used for composition is limited by the minimum wire gag 
sistors. Such types are useful wher permissible for a given application ‹ ool ; 
d ow noise, low resistance value, or and by the amount of wire that can Ё in dia Го! 
ch ther special characteristics not avail held on the spool. The minimum w 
k le in composition resistor lines ar size 1s determined y th nechan ‹ 
а quired [he resistance values avail strength red T} ipplica \ 
а 6 range from 0.24 ohms to 8,200 military specification. limits the f 
‘ hms, with tolerances from + 5 to mum wire size to | 15 in : C 
i 20 percent ameter, but some manufacturers at Го 1 ff 
in Accurate Resistors PI | to wind vin only — 7 " -— pe 
M in diameter. It is customary to relieve pies”, or 
t- Close resistance tolerances are the strains set up in the winding pro ons, w it 
hieved in the acurate, or precision ess by aging the resistor fora t ing f Г} 
» UCT ENGINEERING Макси, 195: 








Chonge in Resistonce (Percent) 




















Temperature (Deg.C) 























Fig. 4—Comparison of temperature coefficients of Evan-ohm and manga- 
nine alloys used for resistance wire. Both are used in accurate types. 























































































Fig. 5—Glass encased wire-wound resistor. Such tightly 


precision 
sealed resistors are relatively impervious to moisture and fungus attacks. 
































































































































6 respectively. Ordinary 
be obtained 
1s-resistant coatings 

















with special fun 





which two inother type of precision resisto: 
| oating of vitreous enamel fired 


laver winding. 























precision resistors 





as voltmeter multipliers 











protection, comprise a number of 








> hermetically sealed in 


| 
а glass cyl 
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minals on each end. These terminal 
are solder-sealed to the glass tube t« 
provide a  hermetically-sealed unit 
Resistors of this classification are man 
ufactured with resistance values fron 
0.5 to 6 megohms, in ratings based or 
an allowable maximum current of on: 
milli-ampere for all sizes. The maxi 
mum voltage which may be applied is 
one kilovolt per megohm of resistance 

Stradling the power and precisio: 
resistor classes are a group of minia 
ture precision resistors of relatively 
high wattage One size measuring 
only 1-,'; by 4 in. is rated at 25 watts 
Resistors of this pattern are made fron 


one ohm to 12.000 ohms in 2, 5, Y 


25 and 50 watt ratings. Standard 


tolerances are -- 1 percent and 
percent, but + 0.05%% is obtainable 


Special Ty pes 


Some applications involve unusually 
high voltage or frequency, or requir 
an unusually high value of resistance 
Especially manufactured for high volt 
ages is a group of resistors havin 
maximum voltage ratings ranging fron 
:,500 volts to 125 kv, with acompany 
ing wattage ratings from one to 

watts. The 125 kv, 90 watt size m 

ures 18.5 in. long by 2 in. in diamet 

and is available in resistance rang 
from 7.5 to 100,000 megohms. Th 
Maximum resistance rating available 

this pattern is 10° megohms. In get 
eral, this type of resistor compris 


a carbon coating applied helically 


around a steatite rod, with a prot 
tive coating of varnish over the ex 
terior. Physically large standard r 
sistors, such as those for high wattag 
ratings and high values of resistan 
show the most rapid drop-off of 


sistance with frequency One tiny 


1-watt resistor, for example, retain 


98 percent of its d-c resistance vali 
up to 30 mc/s for values from 3 


ohms to 10,000 ohms, while a 90-watt 


10,000-ohm unit retains only 62 per 
ent of its d-c value at 10 mc/s, 
frequency only one-third as high. B 


now available for high frequency us 


are specially designed resistors tha 
exhibit a wide variety of frequena 


haracteristics. Although most typ 
of resistors exhibit a loss of resistan 
as the frequency rises, in some cas 
the resistance value actually increase 
In the ultra-high resistance clas 
sistors are available in values 
5х 1013 ohms. This size measur 
3 in: long and is rated at 15 kv may 
mum. As with the high voltage an 
high frequency types, such resist 
usually comprise a carbon coating « 


a ceramic rod. One such unit, is o! 


fered in resistances ranging from 
than a megohm to more than 1! 
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ims. This resistor is sealed in a 
ass envelope that is dipped in sili- 
ne varnish for maximum stability. 
Of unusual interest are the charac- 
ristics available in a group of resis- 
rs having conductive ceramic bodies. 
hese characteristics include high 
egative voltage coefficients; voltage 
efficients equal to those of copper 
id aluminum conductors; and the 
lity to operate with body tempera- 
ires as high as 300 C. Still other 
groups of special resistors show large 
iriations with temperature or with 
pplied voltage, making them useful 
spectively as pyrometer elements and 
ghting protectors 










Other New Developments 






The need for a unit providing a 
ompromise between the accuracy and 
tability of precision types and the 
wide resistance range and 





small size 
composition resistors is being met 





the new technique of depositing a 
in film of resistance material on an 
ppropriate form 


idc ol 


The film may be 
a metal 
Deposited carbon resistors are made 


arbon or 





the pyrolytic or cracked carbon proc- 
sw. This involves placing a ceramic 
orm such as a rod or tube, in a fur- 
пасе. A hydrocarbon intro- 
duced into the furnace. and decom 
posed at a temperature of about 1000 
C. Carbon is deposited in a thin 
rystalline film on the form as a result 
of this decomposition, or pyrolysis 
The thickness of the film can be con 
trolled by varying the length of ex 
posure, the percentage of carbon used 

and the temperature 
Thereby, a full range of resistance 
values can be obtained. The deposited 
tlm is only about 10$ in. thick, but 
is harder than carborundum and 
highly resistant to abrasion. 

After deposition of the carbon, the 
rod is helically grooved to lengthen 
the path of the resistance element and 
to allow the final resistance value to 

adjusted. Resistance values up to 
100 megohms can be obtained as com 
pared to the 22-megohm upper limit 
of small composition resistors. Groovy 
ng tends to increase the residual in 
luctance of the unit, however 

Deposited carbon resistors compare 
favorably in size with composi 
tion resistors. A one-watt unit of onc 

ike, for example, measures 3% in 

ng by 9. ІП. 


13 
ypical  1-watt 


fas 15 











n the gas 






















diameter, while a 
composition 
isures 3 by 0.280 inch 

In price, as in physical behavior, the 
posited carbon resistors are interme- 
ite to the wire-wound and composi 
п types. The major production of 
leposited carbon resistors to date has 


design 
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been in sizes of two watts and less. al 
though it is to be noted that the film 
employed is thin and is therefore well 
cooled. The standard tolerance is +2 
percent, with +1 percent and +0.5 
percent available оп special order 
Also offered are ultra-high-resistance 


types having values as high as 100,000 
megohms, although in this case tole: 


ances are generally +10 percent or 
more. 
Carbon film resistors are distin 


guished not only for their improved 
accuracy compared to that of composi 
tion resistors, but also for their greater 
stability, lower noise level, better high 
frequency performance, and improved 
temperature and voltage coefficients 
Skin effect—the increase in effective 


resistance caused by the tendency of 


high frequency currents to “crowd 
near the surface of a conductor —1 


virtually absent from cracked carbon 
resistors because the resistance element 
is literally all skin 


The temperature 
coefficient of 


cra ke d 


arbon types is always neyative 


resistance of 


A recent improvement in deposited 


( 
arbon resistors is the addition. of 
boron to the gases to be pyrolyzed 
Markedly lower temperature сое 
cients of resistance result, being about 


the same order of magnitude as en- 
countered in wirewound types. The 
inclusion of boron in these "borocar 
bon" resistors increases the specific re 
sistance, and makes possible resistivi 
ties of more than 1,000 megohms per 
cubic centimeter. These resistors show 
small effects from aging, thus have im 
proved stability. Borocarbon resistors 
are offered in ratings from } to two 
watts and maximum resistances from 5 
to 5,000 megohms 

Another high-stability development 
is the metal film resistor, produced by 
a process using both pyrolysis and 
chemical action to deposit a thin film 
of metal on a ceramic tube. The tube 
is hollow for improved cooling. Th 
film is sealed by a vitreous enamel 
and a special synthetic 
resistance material 
vide a longer path 


coating. The 


15 groove ] to pro 


The specific resistivity of metal filn 
esistors is proportional to the thick 
ness of the skin. This contr 
deposited carbon resistors, whose st 

cific resistivity is independent of film 
thickness. Metal film 1 
available in values from ! 
megohms in 


cent 


ists with 


esistors are 
ohm to 30 
1 percent and +5 per 
tolerance classes. Powe 
range trom 
size measures one in. long by 0.370 in 
in diameter 

A new kind of resistor, th 


ratings 
Ito 5 watts. The 1-watt 


printed 
resistor, meets the need for a cheap 
and compact unit. Usually, accuracy 


and power handling ability are sacri 










































псеа in o ‹ 
Printed resist leveloy 
into two broad classifications. In th 
first, the resistors are prod 1 у 
on a base pla ү 
or oth cnnigue ] 
serves 1 1 ha S N ‹ 
1 
( t 1 $ о 4 
ectors which 
e or by a f g pr | 
i i 
ises the 1 | 1 
luding s 
ng n if \ ‹ € 
ecting 
} ES 
Ihe р! 
} 
ta red ` ( 
1 SMaii | \ 
Orpor ated ns 
cuts 
One typ ої res | ed ( 
แร ol n ‹ ) 
il | h | 
4 1 15 2 
, 
wide. Ea ot ` 
| | ๒ ๒ 
on the f ‹ - 
- » 
the units 1s ) `5 
1 4 
it he end fv 
1 “๑ 
‚ T А Р 
paste and th CSIS (Y 
sired position Г z 
lowed to dry 1 
Thes S ( «2 
zs «я 
with litt] Pow« an 
ratings t a 
+ ^4 
range {) , 
К í ‘> 
pie CX Of - 
є 
terial used. B I с 
Aidi X ) La 
to teflo lepend (> 
performan i J У 
sistors рип 1 ] кы 
terial n | 1 + - 
епа Il n ر‎ 
1.000 n ) J 
en + 
Th i » 
Natio B f S ๕ 
ย , 
placing tl 
| 
bon and silicon ( 
lhesive tap ] 0 
DY | 5 $ 
left in the « As м 
ompos on fe ) ‹ 
515075 h tine 1 
editos dus à 
ying th prope 
The re f 
tiple co Aft 
nce I ial Is pro A 
‘ 1 а 
ver OF polyetnyiet р ] 
| : | 
mensions of each unit are 0.5 in. Jot 
by 0.13 in. wid Values experiment 
ally prod ed range from 100 oht 
to 10 megohms They 
at 300 C for four hours a 
C for 24 hr after installation on tl 
printed circuit plat Ho 
I 1 1 
method offers good control of 
ince value and provides a number « 
} 1 1 +} $ 
characteristics similar to * < a 
nosited irbon resistors 









A=Speoker coil and magnet 
B=Leof springs 
C=Somple reed 
D=Heovy bose 








Fig. 1—Resonating Reed Vibrator (left). The vibrator for this instrumen 
can be made from a permanent magnet loud speaker by attaching a rod ani 
specimen clamp to the speaker coil. The vibrating parts are held together b; 
leaf springs. Power to drive the vibrator is provided by a high fidelio 
audio amplifier driven by an accurately calibrated audio oscillator. Th 
amplitude. of vibration of the free end of the plastic cantilever bean 
changes as shown at left with variation of the frequency of oscillation: 
The dynamic Young's modulus can be calculated from the resonanc 
frequency, where the amplitude is a maximum. The damping is dete: 
mined by the half width of the resonance peak. Experiments can bt 
carried out from 10 cycles per second to several hundred cycles per scond 
























Amplitude of vibration 





Better Ways of Evaluating 





ROLF BUCHDAHL interest to the design and product en- definite bearing on these propert 
L. E. NIELSEN gineer. The success or failure of a Stress-strain and ultimate strengt 
น แผ ญ่ Mn MA product depends to a great extent on properties have been and still 
TET WU the proper evaluation and interpreta widely used to determine the us: 
tion of the mechanical properties. of plastics. Some form of flow 
| HE 1 EN YEA t a has been the prevalent method ot 
| PTOV Existing Test Methods taining information on the bel 
lously, both in the consumer and Mechanical tests on plastics are of plastics at elevated temperatur 
lustrial field [he main reasor onducted for two reasons: (a) To in their processing range. These t rly ‹ 
vth are: (1) the relatively give to the design engineer and th methods were taken over by the p 1 ve 
( ost of st of the important manufacturer of plastic articles infor tics industry from the metal, wo » be 
thermoplast nd thermosetting г mation that can be used as a guide’ glass and rubber industries It 1 be 
n (2) t low cost of conversior in the choice of the proper material questionable whether the data deri Mos 
from t molding powder to the fin for a particular design; and (b) to from these tests is as significant «C 
ished product, and (3) the wide range give the manufacturer of plastic raw indicated by their popularity. ratu 
yf cha properties which in | materials information relating to the separation of the intrinsic propert 
obtained by proper compounding and mechanical properties to the molecular of the material from variables affect ha 
sing. | | tructure and to such variables in the the result is difficult, if not impossi tem 
| third conditio of pr manufacturing process that h a For example, impact testing is part 









PRODUCT ENGINEERING MARCH 





Fig. 2—Torsion Pendulum Apparatus 
(A). This instrument is used to meas- 
ure dynamic shear moduli and damp- 
ing. The plastic specimen is attached 
to a moment of inertia disk and is al- 
lowed to twist and untwist as it car- 
ries out free vibrations. The shear 
modulus is calculated from the fre- 
quency of the oscillations and damp- 
ing is determined from the logarithmic 
decrement or the rate at which the 
oscillations diminish. 

In this figure A is a fine suspension 
wire, B is the moment of inertia disk, 
C is the plastic specimen, D is the 
lower specimen clamp attached to 
shaft E. The shaft is mounted in ball 
bearings but is prevented from rotat- 
ing by spring rods, G. However, very 
small angles of twist occur and move 
arm J to which is attached the iron 
core of the variable differential trans- 
former K. This movement is eventu- 
ally recorded on a magnetic type di- 
rect writing oscillograph (B). Since 
the movement of the core of the trans- 
former is a direct indication of the 
oscillations taking place in the plastic 
specimen, the oscillograph chart gives 
a record of the twisting and untwist- 
ing of the specimen. Some typical re- 
sults are shown. Curves A and B 
represent materials of very high damp- 
ing. Curve C is for a rubbery material 
of moderate damping, and Curve D is 
E" for a rigid material of small damping. 
BL 909 THE BRUSH DEVELOPMENT Có The torsion pendulum is useful for 
9 tests made at a frequency from 0.05 
cps to several cycles per second. 
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Properties of Plastics 


A real need exists for the development and use of instruments and 


methods that will give mechanical properties of plastics in terms of well 
defined physical quantities, and that cover the use and processing tempera- 


ture ranges of plastic materials. Some of these methods have been developed. 


rly dependent upon test conditions Dynamic Testing Methods 
| very little specific information on 


: behavior of plastics under impact Dynamic methods for measuring 
1 be obtained certain mechanical properties of solids 


Most methods of mec! 
Оа £ mE 


/ | 
16 hanical testing 


have certain advantag Over static 
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rigid plas- where the modulus and damping 
change considerably within a narrow 
moduli and temperature range; and the rubbery 

| or liquid region of low modulus and 
lamping. Curves of this type have 
€ obtained been determined for a large number 


lig hows of resinous compositions, both plas- 
modulus and  ticized and unplasticized. They indi- 
tion of tet ate that the significant differences in 
hermoplasti mechanical properties among large 
crystallinity. numbers of compounds are indicated 
in the Бу the position of the transition region 

rial over on the temperature scale. Two quanti- 


“ : 7 
Altho ign ties—the transition temperature, ог 
hat temperature of maximum damping, 
1 the width of the transition region 


temperatur can be used to give an excellent 


ld qualitative characterization of the 

Bot echanical properties of polymer sys- 
"ons: Th tems. On the low temperature side 
gion ha of the damping peak the material is 

w damping hard and» rigid and will break when 
ly slight; tched only slightly In the transi 

yn region tion region the material is leathery, 
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and on the high side it will be rul 
bery and capable of great elongato: 
before breaking. 

Stress—Strain, Creep and Impact 

Properties 

In addition to the qualitative dat 
mentioned above it is possible to ol 
tain specific information concernin 
mechanical properties such as cree; 
rate, stress strain properties and 
pact behavior. 

The creep ratc of rigid thermopla 
tics, such as polystyrene, increas 
very rapidy with increased damping 
The damping capacity and the cree} 
rate do not show any appreciable var 
ation between 0 and 50 C. Howeve 
at 80 or 90 C the damping starts 
increase rapidly. A large increase 
reep rate is also noted. It is po 
sible to estimate the creep rate of 
material from the value of the dam; 
ing and predict the shape of t! 
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Fig. 5—Stress-strain curves of plasticized polyvinyl chlor- 
ide at various temperature ranges. Curve A—below transi- 
ton temperature; Curves B and C in transition range; 
D—above transition temperature range. 
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Fig. 9—Transition Temperature variation with addition 
of plasticizer, shown for three different compositions. 
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the material initially elongates rapidly 


tion range where damping is low (A), 


id then levels off. In the transition 
region (B), damping is high and 
longation is slight when the load is 
first applied The creep, however, 

ontinues with time and gives no in 

ication of leveling off. Below th 

yansition. temperature (C), there 

gain very little creep after the init 

ipid. elongation Thus, the creep 

ite is greatest where the damping is 

reatest. This correlation between 

imping coefficient and creep rate or 

tress relaxation has been carried рег: 

irther in the case of rubber. Other , where 


IC 


nvestigations® have shown that one come relatively 


roperty can be calculated from the gation will be 
ther with reasonably good agreem 
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Fig. 6—Impact strength as a function of damping capacity. 
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Fig. 10— Transition Temperature as a function of plastic- 
izer concentration for polar materials. Upper curve for 
electrical case, lower curve for mechanical case. 
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E/G 3 if Poisson's ratio 





Table I—Correlation Between Initial Stress-Strain and Dynamic Modulus 
| Formulation No E/G (25°C Region 

| 

| 1 2.68 Transition 

| 2 2.68 Transition to Rubbery 

| 3 1 59 Rubber 

| 4 | 1.93 Нага 

| › 2.62 Transition to Rubbery 

| 6 2.32 Transition to Rubbery 

| я 2.67 Rubber 

| 9 1 24 Transition to Rubbery 

| 10 | 2.09 Нага 

| 13 2 86 Transition to Rubbery 

| 14 1.52 Rubber | 
| 15 1 87 Transition | 
| Unplasticized PVC 2 09 Hard | 
| | 
| E = Stress-strain Young’s modulus G Dynamic shear modulus | 
| | 


- 0.5 and if other variables do not change. 





listortion or softening point. Some 
ire the ASTM heat distortion 
and the flex 


these tests 


ot these 
the brittleness test 
temperat ме, All 


the position ol the 


measure 
transition region 
on the temperature s ale. However, 
thi methods do not separate the 
two independent quantities which 
haractcrize 


transition: the transition 


temperature and th width of the 

เท ร แพ อ ท regior If the transition 
range 1 mall, i.e, the dampening 
peak is sharp and narrow, all the 
oftening temperatures will be clos« 
together If the dampening pe ik 15 


broad, the brittle and heat distortion 


point may be considerably below the 
temperature or maximum damping 
The width of the damping maximum 
important in many applications. For 


5 
elastomeric products, it is a measure 
| 


fore complete embrittlement sets in. 
The knowledge of this 
be just as important as the 


temperature of embrittlement 


Study of Other Effects 


TRUCTURAI 


range «an iD 


son ises 


DIFFERENCES It was 


pointed out above that a large num- 
ber of polymeric systems have only 
one damping maximum. There exist, 
how oth yste which show 
two ¢ 0 | al | 7 shows the 
о ne | on a series ot me- 
ar 1] па of po! ner More 
than one peak can also be observed 
in systems containing at the same time 
crystalline and amorphous region. TI 


data given in Fig. 8 indicate 





Чат} ing af ible of revealing even 
finer differences in molecular stru 
ture The two represent copo 
lyme of ne © 0 rail composi 
tion polymerized in the absence and 
presen е о! a certain imo го 
“regulator.” 

The damping coefficient in poly 


134 





meric systems appears to be an ex 
tremely sensitive tool for detecting 
certain structural differences on a 


molecular or colloidal scale. Thes 
can be recognized only with great 
difficulty by other methods The 
application of dynamic methods to 
problems of structural analysis has 
been eminently successful in the field of 
metallurgy? and promises to be equally 
useful in the field of high poly- 
These methods have 
in studying the mecha 
nism of plasticization. The efficiency 
of a given plasticizer can be evaluated 
from dynamic mechanical measure- 
ments by making use of the transition 
temperature as a function of the 
volume fraction of the plasticizer as 
shown in Fig. 9. This makes it pos- 
sible to predict the effect of plasticizer 
concentration from a knowledge of 
the transition of the unplasticized 
resin and one plasticizer-resin com- 
position. 


mers. also been 


most useful 


ELECTRICAL PROPERTIES. For polar 
materials the similarity of the electri- 
al and mechanical behavior is re- 
markable. The electrical power factor 
vs temperature curve goes through a 


maximum similar to the mechanical 
damping. The dielectric constant- 


curve has a sigmoidal 
shape like the inverse of the modulus 
Although the power factor 
peak is broader than the damping 
peak, there is approximately a linear 
relationship between the two. The 
position of both these peaks can bc 
shifted on the temperature scale by 
the addition of a plasticizer. The slope 
of the transition temperature vs con- 


centration of 


temperat ure 


curve 


plasticizer 
identical for the mechanical and elec- 
trical cases, Fig. 10 One of the 
electrical transition 
than the me 


curve 15 


casons why the 


higher 


temperature 1s 
i 
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chanical one is because the electrica 
tests were carried out at 1,000 cycl 
per second while the mechanical test 
were carried out at about 0.1 cycle 
per second 





OrHER Errrcrs. Other importar 
properties and effects can be studie 
with an instrument known as a rota 
tional viscometer—the details of whicl 
have not been included in this article 
Its functions are to obtain useful in 
formation concerning the effect oí 
molecular deformation and to revea 
details about the existence of networl 
structure in thermoplastics and non 
permanently cross-linked polymers 
such as polystyrene. 

The data obtained by the method 
described are also of value in correla 
ing mechanical properties with th 
molecular or the colloidal structure of 
polymer compounds. All data ol 
tained can be expressed in terms of 
well defined physical quantities, which 
is not the case in many of the morc 
common tests in use in the plastics 
industry. The importance of this fact 
is readily appreciated when one con 
siders that it is impossible to attempt 
even a theoretical interpretation of 
data which cannot be expressed in 
such a manner and which contain 
implicitly the effect of instrument 
variables. 

Information included in this article 
was presented to indicate that methods 
capable of giving results of well de- 
fined physical significance, such as 
dynamic modulus, dynamic damping 
and viscosity are not only useful in 
the study of mechanical properties and 
their relation to molecular structure 
but also give information concerning 
the use and application of plastic ma 
terials. The specific methods discussed 
are not the only ones that could or 
should be used; what is important is 
the attitude and approach to mechan 
ical testing embodied in the use of 
methods of this kind and in the inter 
pretation of the results. 
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Table I Mechanical Research Department 
| bs Lockheed Aüicraft C 
Accumu- Pump | Energy Volume { 
lator Air Pressure | Diversion| of oil in 
Charge, Rise, |trom Line,| Accumu- 
psig psi percent lator 
cu. in. ; น : 
uk ale ае асла anc How to determine size requirements for 
100 105 75.0 47.3 capacitive load chambers. Effect of such 
100 400 87.9 55-1 
100 800 89.7 59.3 chambers on the pump pressure waves 
100 1200 96.9 64. 5 | ; 
Zero 105 81.6 62.4 that cause hydraulic noise and circuit 
Zero i00 90.5 63.2 ; p จ 
Zero 800 | 96.7 | 64.0 destruction. Charts for quickly approxi- 
Zero 1200 | 93.4 64.8 | 
| | mating effective chamber volume. Sec- 





Results of test run on capacitive reactance cham- 


ber, Fig. 1. Frequency w 


DAMAGE TO HYDRAULIC SYSTEM COM 
PONENTS caused by pump pressure 
waves can be prevented by blockin 
or reducing the amplitude of th 
waves to a minimum. One way of ac- 
complishing this is to include a capa 
citive loading chamber in the discharge 
line from the pump 

A capacitive loading chamber is 
mply a bulge in the line in which 
wave energy can be dissipated. Prop 
erly designed, such chambers in som« 
nstances reduce port waves amplitudes 
; much as 97 percent. The chamber 
iown in Fig. 1 was used in experi 
ents to determine the effectiveness 
п in hydraulic systems. It consists 
f a 5 in. hydraulic accumulator modi- 
d to be put in parallel with the line 
ithout disturbing the internal elastic 
phragm. The oil volume of 


capacitive loading for noise re lu 





Marcy. 1 


as 


) “ 


200 cycles/sec. па in a series of three articles on re- 


ducing noise in hydraulic systems. 


nan 





was red 1 ру ан pressure ergy transfer rat 1 nece 
to the under side of the elastic dia fication A 1 к 
phragm. The results of tests per pl 1 n red 1 
formed оп this device shown in Table’ ergy solution fo 
I support the theoretical analysis h 
offered here Ihe power output « his 

let simp W | 
Port Wave Theory a 
) " ] ฟี 
Before the basic theory and design 
data of capacitative loading chambers where 
an be wisely applied, an understand P, — effective pressure amy 
ing of port wave production and aj à "RS 1 
proximate determination of wa ‚ 7 tial p. 
energy is necessary. i 
The pump may be considered as i 

sound source yeilding sinusoidal varia | 
tions in pressure and fluid displace 
ment. Actually, this is complicated 
by the rich variety of frequencies ex hssipati 
isting in pump noise, but the concept Consi fering a section of flu 
of an equivalent simple wave of en init | and. extendit 
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Fig. 2—Chart for approximating pump wave pressure amplitude. Where conventional 
piston pumps are used, basic wave pressure amplitude can be quickly determined for a 
known delivery rate at a desired discharge pressure and a given discharge line size. 


from the pump port, (x) distance 


1} 
volume rate, by definition 

4 | 

ах 
СР, 

К’ (2) 
Volume of fluid displaced by pres- 
sure wave 


37,800 in./sec. C’ = Wave velocity 
in fluid when confined in tubing 
180,000 psi Bulk modulus of 


elasticity, psi of fluid. For AN- 
VV-0-366 hydraulic oil, at 150 I 


Ib.-sec." 


76 2 у 10% 


а Mass de nsity 
\/К”/р C 18,600 in./sec. for 
acoustic velocity in the unconfined 
fluid. In the tubing the lower figure 
(C’), directly determined by npe 
ment, reflects the effects of tubing 
yield, oil viscosity, heat transfer and 
normally irreducible air content 


Therefore from Eq (1) and (2) anit 
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source power 15: 


| x in.-lb./sec 2 (3) 


An alternative statement of pump 
acoustic power is the potential en- 
ergy per pulse multiplied by the fre- 
quency, or number of pulses per unit 
time. The energy term may be ex- 
pressed as: 
Py? — Px’ 
2 К 
Py = inlet pressure, psi. 
Pp = discharge pressure, psi. 


Ihe mean energy rate or power is: 


i} Pi — Pyt [avy 
T 2 K’ dt 


The term (dV /4t)' is the mean 
volume rate of exposure of low-pres- 
sure oil to high-pressure oil. It de- 
pa on. the clearance volume for 
fixed-disp facement pumps and on 
oth the clearance and in piston posi- 
tion for variable-displacement pumps. 


A fixed-displacement pump delivering 
(Q) gpm has 


= 4.24 Q cu. in./sec. 


allowing 10 percent for clearance. 
The dites figures for a vari- 
able-displacement pump with maxi- 
n delivery of баа would then 
e: 


) — 4.24 Q for full flow 


and for pumps operating fully feath- 
ered: 


dV ” } 1 
(7 = - - х 4.240 


То Determine Wave Amplitude 


For simplicity and practical mean- 
ing, the ensuing discussion assumes 
a pump operating at either a fixed or 
a maximum delivery. Thus, the 
theoretical acoustic power from the 
pump becomes 


48 = $ =2.12 (Ру? — Ри 
at 


Ж , 
KT in.-lb./sec 

all of which is conservatively consid- 
ered to enter the discharge line in 
the form (see Eq. 1 & 2) 


itis 


where 
A = cross sectional area of discharge line 
Equating expressions (6) and (7) 
the effective pressure amplitude is 


> — Pw) 0 
Р, - x10 477 ror 


By inserting numerical limits for 
(Pp) and (Py) covering the present 
range of service values, this equation 
may be put in a still simpler form 
using the customary gawge discharge 
pressure thus: 


р. = ж 0 оюу) х(Рь) 


This simple approximation involves 
less than 1 percent error throughout 
the normal field of values. Fig. 2 
gives a graphical solution for the amp 
litude over the normal range of flow, 
line size and discharge pressure. It is 
to be emphasized that amplitude figure 
obtained thus are basic or nominal val- 
ues. In several instances, experimental 
and computed (effective) amplitudes 
checked within 3 percent but the tests 
as a whole showed pressure amplitudes 
considerably higher than the effective 
values. 
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Capacitive Reactance Theory 


When a lumped capacitance is in 
ed in the line, there results the 
istic equivalent ої а parallel ге- 
nce circuit. The actual 
nents are as sketched in Fig. 3 
onsider a pressure wave to enter 

1 a chamber, with the main line 
tinuing out of another port. The 
ling action will be the expenditure 
wave energy in some combination 
hamber oil compression and pipe 
acceleration (and compression) 
What this combination will be evi 
tly depends upon the relative oj 
position encountered in the two modes 
f behavior. In the most general case, 
he measure of this consists of the 
two impedances involved, but in the 
xesent instance the resistance com 
(viscous attenuation) are 
ght enough that study of the re 
«tive components. will suffice. The 
reactance of the oil-filled chamber is 


acoustic 


ponents 








TF 
AL ) „4! 

wherein (L) and (A) a y 

ind section area otf the line leadu p 

out of the chamber The reactance 


of the line increases and becomes 
dominantly in inertia effect, as fre 
quency is raised, while the chamber's — 
(capacitative) reactance decreases with 

frequency. Since the fluid motion and 

energy of the wave arc propagated pri 

marily into the field of least react in 

the wave is effectively diverted into The m 
the chamber and only a small pulse | 

is transmitted down the line. Ulti 
mately, actual attenuation must o 
cur in the chamber, else the intensity 
therein would rise to a de 
unimpaired 
line. The size, shape and nature of 

the chamber walls all affect the re From 1 
ults to the extent that they affect 
absorption and reflection ว 
Whatever these characteristics are, in 


igre е BI ing 


transmission down the 
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successive 


А Д à given case, sound intensity іп the [he « I 
j FTN chamber will rise until energy rejec- „ыйы 
tion is in equilibrium with the sourci 
ег 
iere and it is the equilibrium pressure am 
จ \ 
Ns plitude which is ‘transmitted down 
Wave Irequency cps trear 1 
60 stream. 
{12 ) 
number of cylinders in ү . . 

Р ! Relationship Between Purap Wave CA 
speed of pump (rpm Amplitude and Residual Wave н 2K 
chamber volume i น i "1 | 
ee Ihe summation of alternating oil MT on 1 

lamber reactance Qt 
‘ ы flow relative to normal pump dis may be rew 
line reactance charge and correspon ling to the port \ 
negative sign is the usual phase wave pulsation is 
ntion. The line's reactance may i b gi 1] 
Chamber efficiency ? | 
R 
=-(- p 100 | à 
е/ v | 
5v 4, fuo 
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จด ก น ๓ ๕ ง Ore ampl: fude 
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Sforage Pd Capacifafive line loading 
chamber of volurme V 
rig. 3—Schematic diagram of hydraulic system with capacitive load chamber in pump discharge line 
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Variations 
ince complicate the actual wave form but for theoretical analysis the effective wave can be resolved to a simple sinusoid. 
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To illustrate this method of re we : 
icing objectionable wave pressures RI Ln [ไก 
low is a design example apt ropriat “ 150 7 а 
thc hydrauli system of a comme! | )7 
ป type airplan | 
In point OI м 
stem Data: line size 5/8 0.0 เล РЕР Я 
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ithered, (operating control boosters Condition C. the | 
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posure rate for cyl | 0 nounting a h И M 1 sing К 
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2240 Noise in Hydraulic Systems 
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Eq (17) RESULTS 
— ) i Energy loss Excessive oil temperatures. 
; illowabl Inefficient transfer of power. 
Entering Fig 8.71 gpm, the ba айай - - 
pressure is read as EFFECTS Circuit destruction | Cavitational corrosion of fittings 
| Aggravates leaks at joints and seals 
| | 110 ps Too rapid pressure gage deflection 
whence h required transmission Jerky mechanism operation 
i 
ji E 4 Personal discomfort Operator fatigue. 
By I 14) , ( R х 100 7 4 Errors in operating because of fail 
P, 2 ure to hear instructions. 
рр Passenger discomfort (aircraft and 
ind by starting with this (e) value automobiles). 
in Fig 4, the corre sponding require 1 
volume for condition (A) is Pump waves Produced by pump or motor when 
Гл = 30 тз elastic fluid in cylinder is com 
| pressed by high pressure dis 
Before choosing this, consider some charge oil and rebounds into 
ther flight conditions. discharge line 
ย ร R R * 
р N - € - cruising speed. CAUSES Air in oil Amplifies pump waves. 
d ES Entrained air causes cavitation. 
0 11.97 gpm and f = 462 cps Dissolved air increases elasticity of 
From Fig. 2. Р t 130 ns fluid. 
| 9940 — 
ind № +62 21 Purnp alterations Provides means of fluid precompres 
sion in pump by increasing com 
l pression lap of piston discharge 
130 ^ stroke. 
Fig. 4 at 2 7 f = 
| сБ 5, CORRECTIONS Capacitive loading Provides volume in pump discharge 
chamber line where port wave may be 
Finally onsider the critical | dissipated. Must be of correct 
sient ¢ i 7 ( Take-off. with volume. 
urrent retraction of landing gear je 
1 flaps Fluid conditioning | Fill system with care to keep quan 
E а tity of dissolved and entrained 
3920 rpm air to minimum. Reduces cavi- 
= full displacement = 25.8 gpm tation coefficient. 
’» = 1400 psig 
588 cps, so Roos + 16.9 psi See TT A AN a ОА s d табы 


= + 16.9 psi 
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Controllers 


one commercial instrument. 





o Mercurv 
> 
| Recorder switch 6 
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FLOAT TYPE RECORDER. MAGNETIC LIQUID 


H. W. HAMM 


Some of them are available in several modified forms. 
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LEVEL CONTROLLER. DIFFERENTIAL PRESSI REH SYSTEM 
: Pointer can be attached to a When liquid level is norma common-to-rigl \ pi b t ] d er pre 
calibrated float tape to give leg circuit of mercury swit ed \\ М 
an approximate instantane- level drops to predetermined 16 M ] 
ous indication of fluid level piston is drawn bel 
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DIRECT READING FLOAT TYPE GAGE. Inexpensive 






lirect-reading gage has dial calibrat 
Comparable type as far as simplicity is concerned h 
needle connected through a right-angle arm to float 


Heoter wire 






Bimetoal _ 
strip 


корж 
Insulated Heater w 


^ confac* 






Bimefo! sfrip 


BIMETALLIC TYPE INDICATOR. When tar 


st touch. With switch closed, heaters cause both | 

ens contacts in tank and bimetals cool, closing circuit 
`a per sec. As liquid level increases, float forces can 
imilar to previous case, but current and needle d 
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ed to tank volume 


As 
iquid level drops, float rotates the arm and the needle 
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E-500 - 


Welded Construction ^v 


Connecting 
rods 


Reduces Pump Weight 


Engineers of The National Supply Company in l'oledo, 
Ohio have designed a new 500 hp slush pump using a welded 
steel design to reducce weight without sacrificing strength or 
performance. The weight of this new Ideal Model E-500 
pump is 34,000 lb, whereas an Ideal pump of older design is 
rated at 385 hp and weighs 37,500 pounds. 

[hese pumps are used on oil well drilling rigs to circulate 
the very abrasive drilling fluid at high pressures. Any reduc- 
tion in pump weight increases the ease with which the pump 
can be moved from one drilling site to another. 

[he pumps are built in two sections and are bolted together. 
lhe pump section or fluid end contains the cylinders, pistons, 
valves and air chamber all housed in steel castings. Most of 
the changes were made in the crank section or power end of 
the pump. The main frame combines steel castings and steel 
side plates with I beam side rails to form the,unit housing. 
Moving parts that are now of welded construction, are the 


main drive gear and the eccentric shaft assembly 
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Lightweight 
Engine 
Of Die Cast 


Aluminum 


To achieve an objective of maxi- 
mum power and flexibility with a 
minimum number of parts and low- 
est possible weight, the 2-cycle en- 
gine developed by the West Bend 
of West Bend, Wis., 
cylinder, 


Aluminum Co., 
incorporates a one piece 
cylinder head and crankcase die cast- 
ing. 
an interchangeable core so that it 


The dies for this casting have 


can be supplied with a lower main 
bearing for horizontal as well as 
vertical application. 

Through the use of aluminum dic 
castings and stampings for all suit 
able parts, the weight of the basic 
15 Ib. It 


develops a maximum output of 1.85 


engine is held down to 
hp at 4,000 rpm. 
Additional bosses have been cast 
on the reed plate or bottom cover 
plate of the crankcase to accommo- 
date level mounting of the carbu- 
retor for either a vertical or horizon- 


tal engine. Several versions of two 


of 
with the West Bend engine but the 


types carburetors are available 


standard model is a conventional 
bowl design carburetor adapted for 
use with the air vane-type governor 
and a filter bowl. Continuous opera- 
tion in extremely tilted position (up 

45 deg) is possible with the con- 
centric bowl type carburetor. Either 
a deep or abbreviated filter bowl 
design with a bowl drain is also 
available. 

The ignition system uses a high 
an | а 


tension flywheel magneto 


automotive type spark 


The 


Starter 


standard 
plug. 
rope 


the fuel provides the lubrication. 


engine has a manual 


and oil mixed with 
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HORIZONTAL VERSION of lightweight aluminum engine. The simplified TWO 
design makes assembly and dis- assembly of all critical parts easy and the problen ono 
alignment is improved by use of the one-piece cylinder- crankcase casting alloy 










Stamped flywheel 
cover 


Stator plate 





Al U MINU M PARTS used in the engine to help reduce its weight 


f 





ГҮРІСАЈ 


pings as well as die castings are used. These parts are for a er 
irk application, but they are typical of all the engines. B the re 
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Bearing housing 
vertico! engine 
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TWO CASTINGS of the cylinder-crankcase unit made in the same die. Interchangeable core in the die permit 


onomic manufacture of cylinder casting with different main bearing designs. The bearing ho 
illoy die casting designed for use in a vertical application. Anti-friction bearings can be adapted to 
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DFSIGN of the reed plate makes the same part adaptable to PERFORMANCE CURVE of alumi engine | 


er the horizontal or vertical engine applications. Extra bosses on Although the engine weighs lb, it dev 
reed plate permit optional mounting of the carburetor a maximum horsepower of 1.83 at 4 000 
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PRODUCT DESIGNS 


Pistons Act Parallel to Power Shaf: 


One of the reasons for the relatively large frontal 
arca of a conventional reciprocating internal combustion 
engine is that the pistons must be arranged to act in lines 
radial to the crankshaft. The size of frontal the area on 
conventional engiaes is of grcat concern to aircraft de- 
signers because it interferes with good sireamlined design. 

A reciprocating type aircraft engine has been devel- 
oped by the Herrmann Engineering Company of Glen- 
dale, California in which the actions line of the pistons 
are parallel to the propeller shaft instead of perpen- 


dicular to it. Here overall engine diameter is kept small 


/ 
/ 


Starter 


howing acces 
m. The diameter 
to the 
n cylinders 
180 to 200 


proportion 


elot 5 
hown. Cylinder 


1 is 49 in. long 


without limiting piston stroke and causing a sacrifice 
power. A plate cam on the propeller shaft conseris t 
thrust of the pistons to rotary power. 

This design permitted several desirable qualities 
be included. Both ends of the pistons are now availal 
to receive thrust from expanding fuel gases and wi 
the propeller shaft passing through the cylinder hea 
the mechanics of timing the intake and exhaust val 
action has been greatly simplified. These advaniag 
have been exploited to produce a relatively simple, lig! 


and powerful engine, that suits usual aircrcaft need 


DISP] 


pilates 


Propuct ENGINEERING MARCH 














in Internal Combustion Engine 
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Valve assembly Valve cams Cylinder Main cam 
on cam plate housings > and shat? 
ENGINE Pistons | ‹ 7 
Rollers 
SPECIFICATIONS 
















Vaive cam | 


followers | 


No. of cylinder 







Displacement 373 cu in 
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bs. 
1 
Cr 
ry 
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DISPLAY of disassembled cam engine shows the relatively few number of parts it uses to prod “> 
plates are keyed to the shaft and control valve position through the roller type cam follow M 
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| Piston 
about be 
assembled $ 
with rollers ~ 
in place Pistons : 
in place : 
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FASE OF ASSEMBLY is one of the cam engines good PERFORMANCE CURVES of the Herrma: 


ties. To install the pistons insert the cam follow Aviation fuel of 80 octan iting м lint tests fron 
position the main cam and set the pistons in place which these power and fuel cor rawr 
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PRODUCT DESIGNS 


Carborundum Abrasive 


Peels Vegetables 


An unusual application of Carborundum abrasive material is 
being made in a line of vegetable peelers manufactured by 
l'oledo Scale Company, Toledo, Ohio. The peeler operates by 
tumbling and rolling the vegetables around the Carborundum 
coated inside surface of a cylinder, at the bottom of which is a 
rotating disk with a wavy abrasive coated upper surface. This 
disk agitates the work and causes the peelings to be removed by 
scraping them against the sides of the cylinder. The compound 
movement produced by the rotating wavy disk ultimately brings 
each vegetable to the abrasive surface where it is cleaned and 
peelings are carried away to a trap by a stream of water that flows 
over the vegetables constantly during cleaning operations. 

The abrasive material is said to last about 3.5 years under nor- 
mal operating conditions. When the abrasive on the steel cylin- 
ders becomes ineffective the cylinders must be replaced since stee! 
cannot economically be rebonded. However the cast iron cylin- 
ders and undulating disks can readily be resurfaced. 

Since the undulating disk must have a strong positive drive 
and still be removable for cleaning purposes, it rides on a tapered 
square post in the bottom of the cylinder. The discharge door 
is mounted on a spring loaded hinge that supports it against the 
centrifugal forces of a whirling load of vegetables during the 
peeling operation or will hold the door open for unloading. 


КА 


THE UNDULATING DISK is equipped With two loose wire 
holders that can be used to lift it from the peeler. Here is evident 
the undulating or waved surface of the rotating disk, that agitates 


] c е 
the vegetables and brings them to the abrasive surface to be cleaned 
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Water spout —= Spring loaded 


discharge door 
/ 


Motor 
contro! 


\ 


Adjustable legs 
„вл P 


THE PEELER 15 charged with vegetables to be 
peeled at the top of the cylinder and cleaned 
vegetables are taken out at discharge door. Th: 
machine is controlled manually. The model A-1-30 
will clean 30 Ibs of material in 1 to 14 minutes 


Carborundum fined Carborundum 
undulating disk 


CARBORUNDUM LINED WALIS of 
cylinder and carborundum coated surface of 
undulating disk in the bottom of the cylinder 
move the skins from the vegetables in process 
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SECTIONAL VIEW of power train and gear box show 
how undulating disk is mounted to its shaft. The 
lutch affords positive driving and permits easy 


of the undulating disk. Power to drive the pecler 
from a manually controlled electric motor in 


11 


Topered 
mounting 
post 


| за 


A TAPERED POST of square cross-section provides a THE PAST-CENTER SPRING LOCK on the 
rive for the undulating disk from which the disk car loor w ] t | firmly in full « 
isily be removed. With the disk removed, the drain port ld it tightly against the discharge port. A 


discharge 


ก ¢ A 
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- | 
at carries away the peeling is exposed 
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PRODUCT DESIGNS 


Tooth Tread Tire 


Serves as Drive Gear 















A two fold duty is imposed on the two rear tires of 
a power lawn mower Model 22SP, manufactured by 
Sensation Mower Inc., Ralston, Neb. The tires, with 
a gear tooth type tread, provide good traction to drive 
the rotary type mower and also function as the main 
gears for the final drive of the power train. 

The tire treads are composed of semi-circular 
grooves cut across the rubber and evenly spaced 
around the periphery of the wheel. The broad rubber 
projections that remain between the grooves form the 
specialized teeth in the main gears of the final drive 
and in addition make good ground cleats. 

Power to move the mower comes from the single 

























cylinder engine through a double reduction V-belt 
drive to the two aluminum four-tooth pinions which 
can be manually engaged with the tires. The teeth 
of the pinions have a unique cross sectional shape 
much different from those of the main gears with 
which they engage. They are long and narrow with 
ample clearance in the spaces between them to permit 
trapped foreign material to escape. A gear tooth 
formed in this manner has a very unusual contour but 
in a unique application such as this perhaps it serves 
better than would one of a more conventional design. 

The speed of the engine is controlled by hand 
throttle and an engine governor. The rotary blade is 
engaged by an automatic centrifugal clutch and can 
be disengaged by closing the hand throttle. 

The cutter blade is made of three layers of steel. 
The outer layers are high carbon steel and the core is 
low carbon steel. The outer layers keep a keen knife 
edge and the core gives the blade resilience. 


Structural Features of 
Several Foreign Cars 


THERE ARE SEVERAL ve ry unique design features to 
be found in the European cars for 1952. One of the 
with ial frames is the Skoda 1102, a small 
ng overa in Czechoslovakia 
It up from a single steel tue that 
1 f | where the 
suspension 


ке front end 
to the differential housing on 
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unus 


^ 
ll) made 


from the f frami 


engine assembly, transmission and front 


system are mounted 


whi h 
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BY FOLDING back the front guard the front section of blade 


FRC 
travel can be exposed for mowing brush and high grass o: pern 
weeds. A snap type lock is provided on the 22SP mower to whe 
hold the guard in open position. The front wheels are shown mow 
folded back where they offer the greatest stability. dian 












Universal Splined shaft 
^1 Joints ^ 
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Marine 
plywood bose 


Belt tension 
adjustment lever 








FRONT WHEELS are mounted on pivot mountings that 
permit them to be turned from the sides of the mower 
where they offer maximum stability to the front of the 
mower. Here distance between them is less than the blade 
diameter and permits closer grass trimming operations. To 


is bolted. The rear wheels are independ lently suspended 


on the ends of a semi-eliptical spring fastened to the differ 
ential housing and flexibility is provided in the axles by 


universal joints. The propeller shaft goes through th 
ntral tube. 
The Aston Martin DB II, English sport car, has 


ridge like frame built up from rolled steel tubes of re 
ingular cross-section. The tubes measure from about 1 in 
height for brace members to about 2 in. for side rails 
Most of the bends in the frame are sharp angles and 
‘reat deal of cross bracing is used. 
The two main members of the chassis in the Mercedes 















a 


Benz are eliptical in cross section and pass under the ca: 


ry close together with only enough room between th 
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to provid 1 com! 


THI 
designed 
for the operator regardless 
and the gear 
width of the h 
trol. The el 
duces 


engagement Dar exter 
Speed 

eduction 
Jler pulley 





Tooth tread 
fires 





THL FOUR-IOOIH 





engage the tooth t 
wheels to drive th lawi mow 


teeth of the gears ar 


to provide rance f 1 
clipin s to escap Iron 

eth without causing 
ference tron 


Arrows indi ite dir 


р ۹ 
travel to turn the wi 


— 


adjust blade height, the clamping base is loosened 


and 
ent re blade spindel assemb ly move d up or dow n to 
desired height of cut. The blade shaft is mounted 


Timken tapered roller bearings 


Marine plywood 
for the base because it is a 


good sound deadener 


очаге the 
the car. All 
welded to the central rails 

The Renault Fregate, a 4-cylinder, six 


to accomn propeller shaft. Th 





pone of cross members ar t T nd 


has indepen lent wheel suspension fo v] 
The front wheel suspension acts similar to cC ntk 
American design with upper and lower 

hold the wheels. The rear wheels are mounted separ 
(left), each to a triangular shaped lower control 


and these control 


arms are hinged separately t et | 
of a cross-member in the frame. The control | 
supported by coil springs anchored in the b 1 
Universal joints and splined couplings in both t ixle 
rovide ample flexibility in the final drive 
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PRODUCT DESIGNS 


Interchangeable 
Bearing Cartridge for 
Freight Cars 


An interchangeable roller-bearing cartridge for use 
on railroad freight car trucks has been developed by the 
Timken Roller Bearing Company to replace the plain 
brasses now in common use for the journal bearings. 
Ihe cartridge is a steel cylinder in which is held two 
tapered roller bearings that are positioned on the 
journal by spacers. A bolted on cap covers the outer 
end of the cartridge and a special grease seal made by 
the National Motor Bearing Co. keeps the grease in and 
the dirt out at the wheel end. One application of standard 
AAR (Association of American Railroads) grease is 
expected to lubricate the unit for 36 months. 

This same roller-bearing cartridge journal box assem- 
bly will fit any of the three freight car truck side frame 
designs in common use and will be available in sizes to 
fit AAR standard axles. The use of roller bearings on 
freight cars will permit longer trains because of the 
lower starting friction, and thereby pay for themselves. 


Temperature 
Compensated Spring 


Vhe main spring of the Eclipse-Pioneer aircraft accel- 
erometer maintains accurate instrument readings over 
1 temperature range of --55 to +70C. The spring is 
made of a special nickel alloy and has a temperature 
coeficient of modulus of elasticity approximately one 
tenth that of spring steel. In earlier accelerometers, 
steel 


wher 


springs were used, error in indications at 


high temperatures required the use of cumbersome tem- 
With Iso 


springs the compensators are not necessary 


perature-compensating mechanisms. 


Elastic 

Hysteresis error in Iso Elastic springs is less than 0.05 
percent of the spring’s deflection. The springs have 
excellent straight line load versus deflection character- 
istics. The creep does not exceed 0.02 percent of the 
deflection of the spring and this takes place within a few 
minutes after the spring is installed, whereas steel 
springs or springs made of nonferrous material creep 
over a more extended period of time. 


152 


Integral side frame 
and journal box 
\ 


Sear iri 


Axle | 


Nationa! Ak 
Bearing ( 
greose seo 


DETAILS OF BEARING CARTRIDGE. Three screws 
hold the cartridge to the shaft and the spacers locate the 


2 tapered roller bearings. The spacer next to the wheel 
permits turning a large fillet on the journal. 


: * ‘ айе 
THE TEMPERATURE compensated spring of this acce! 
erometer is made of a special nickel alloy produced | 
John Chatillon & Sons of New York City. The nomir 
of the alloy is 36 percent nickel, 
hromium, 0.5 


omposi lon \ perce 
percent molybdenum and the balance 
principally iron. With these springs, it is claimed tl 
iccuracy can be maintained at temperatures from — 55 


70 C. Their constant spring rates simplify design. 
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INDICATIONS provided by the instrument are used by 
| 
he pilot in keeping th« 
the airplane from exceed: 
urplane structure. This illustration shows the approximate 
| PI 
variation in reading with the changes i 
flight. The instrument will read directly in gravitational 


ivering loads imposed on 


1 1 P $ Р +} 
оп load factors of the 
1 the direction of 


oth positive or negative loads. Many 
military airplanes will stand more than a 10 G load 


factors for 
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indicators 





Reset knob 


| 


Гле accelerometer operates on 


motion tend to remain 

to remain at rest. The activati: 
is a mass which moves on a pa 
direction. The vertical motion of 
through the shaft and pointers 
system, and the vertical move 
by the temperature compensated 
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in Alloys 
Classification of Hard ең g 
» 7 ) 
by Chemical Compositic B — 
T ER ELEMENTS. 
CARBON. CHROMIUM, OTH مد‎ 
pe 


Table 1 — 


nt с 

"TION percent ree Ss dn | 

pESCRIF ТІ | 
| سے ے‎ 


Ferrous Alloys 


| E c 1.48T 
1A \ Mardenable Alloy | ห d E 
mum 
m HT 1 тах! 
3 | E ' เว | maximum 
Medium E e 
| 5.5.481 
" $ Spec. M55 4$ 
i See AWS 5P 
.6.0 
| Low “Мох Grade» bcn Т | 
1-۸-2 Low Carbon ด ты 
а. | Medium C arbon 020 0 ES 
«| ont „ау 1.50 тип 
А ene ding chromium 
| 6-12 includi 
| а 1 1 6-12 including ee 
1 \ Medium Alluy Gra 0.21-0 = 4-10 -12 including chrom 
m | Medium Em TY E 
' a ir 1.70 mın 
| High Ca | 
: 9 ium 
| ра 2 Juding chrom 
| .M) inclu > 
| | яз 13.30 including de 
"s E 0.20 max 10-14 5.30 including chrom! 
1-۸-1 Tow Carbon | 021-950. | 10-14 и 
Wet ban 2 Ms A | 10-11 Ve M 
: | n cm 
— i r Mo 
© } ( » iron Types | s ten а 
| ۸.61 mın | 
sh Speed Steels | 
{-A-* High Spee | 
| | 5,4-48T 
18 | Austenitic SCE i d E 
| e = วั pr ; er i nmm except 
1-В.1 Low Carbon low nicke 0.20-1 » as [S 
a High Carbon. ке o ร ว | 
: Carbon, M 
Н.п Ча | 
; ถู “ไก 
| i zN; and 12.9: 
| Min. of 5 d Mn 
| А ( 1.0M o an i 
| High Manganese น stake in. е 
1-8-2 Nickel-manganese re а 
y 
| Moly -manganese 
ү 
| treated 
| "TAL not usually heat tr i 
IC Austen | i 
| 2.0 mın 
| High Chromium Iron ; i ae 
Ё | с» $ mia เน 12.30 including chrome 
| h Alloy iron เร ว ม em d Е 
Р" | Н фе Carbon Y à a nl 
b. | bon = = 
| P р t п. 3.5% min. 
à | pea = 24.0 min. 40Co mr | 
| min. 
| eu ^e min. 10.0% м 
ИА | Cobalt Base-mediom сем I 
ив | 4 obalt Base-hith carbon | 
| 
MA | Tungsten Carbide Inserts | 
| de| 15mm | 
| site Tungsten Car de | 
mb | Compi | | | 
| Powder | 
ИК | Tungsten Carbide | | | 
| | 5С „59% тах. 
VA | Coppe! - 1c alloys bresse | | | AR а 
I | | | 
| Не up | | $0Cu min.-$.0M mim. 
ivB op | 
ons | 2.30%», 70-98 Си 
| luminum | 
" | Copper? 
ive | - 
oys 
VA Nickel-coppet Alley | | 


i Moys 
УВ | Nickel-chromium a | 


W -Mo alloys | | 


v€ | Nickel base. Cr 
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Research Metallur z 
American Brake Shoe pud 


TODAY HARD FACING is being used 
by both job shops and high produc 
tion plants for the manufacture of new 
equipment because: (1) highly al 
loyed metal can be applied directly 
to focal areas of wear; (2) readily 
fabricated and machined materials 
such as low or medium carbon steels 
can be used as the base metal; (3) 
combination of structural toughness 
and surface hardness that would other 
wise be difficult to get can be obtained: 
(4) lesser amounts of high cost scarce 
alloys are required; and (5) the proc 
ess provides protection in depth as 
compared to carburizing or electro 
plating 

The type of hard facing alloy tha 
should be selected, Tables I and II 
depends on whether wear will b 
caused by impact, heat, friction, or 
abrasion, or a combination of thes 
factors. Accurate analysis of cond 
tions that occur in service is difficult 
but consideration and study of th 
factors producing wear will at leas 
provide a basis for selection 


Important Types of W'ear 


Mechanical wear is the result ot 
stress. Complexity arises from th: 
many ways in which stress is applied 
and distributed. If the stresses ar 
applied through hard particles, usua'l 
of a foreign and non-metallic materia! 
the wear is typed as erosion or abra 
sion; if the stress arises from collaps 
ing bubbles in a turbulent fluid it ma 
produce cavitation erosion; if fron 
the interference of metal surfaces ir 
motion, it can be called frictional 
Stress, by forcing clean surfaces int 
intimate contact, may also cause sci 
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Kui 


Impact 
Heat ` 
Friction 
Abrasion 


zure, galling, scuffing or 
these phenomena, typx 
wear, are usually associat 
tion under conditions 


г! 


n omy lete | ll 


IMPACT. The severity of. impact and 
ility of the base metal to with 
stand deformation arc usually the first 
factors to be analyzed in selecting 
a hard facing alloy. This should lead 


the al 


to a decision, guided by Tables 
III, as to whether austenitic 

hardening typ | 
more abrasive resist 


СЭ, OI 


be employed 

If the energy can be al bed : 
then returned by fully elastic behav 
ior, no structural damage results and 
materials can be ud that will have 
the necessary elastic strength—pro 
vided the velo ity is not too high. The 
relatively light but repetitive impact 
blows experienced by machine parts 
such as tappets and cams are examples 
Martensitic irons and steels can pro- 
vide " protection for these parts, 
Fig, ۴ apparently because of their 

igh com 2 strength. 

d a critical velocity or under 
high energy blows it is not possible 
to avoid plastic deformation. Failure 
may be induced as cracks develop from 
excessive deformation. Ductility be- 
omes an asset in this case. Austenitic 
manganese steel has an optimum com- 
bination of strength and ductility and 
exceptional resistance to crack propa- 
gation. However, it has a low yield 
strength and will batter down more 
rapidly than harder steels. Some mar- 
tensitic steels have good intermediate 
properties and can serve well in the 
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Table Il — Graded Series of 
Wear Resistant Alloys 


MATERIAL CHARACTERISTICS* 


Í 
. Tungsten Carbide | Maximum abrasion resistance 
Composites Worn surfaces become rough 


. High Chromium Excellent erosicn resistance 
Irons Oxidation resistance 


Martensitic Irons Excellent abrasion resistance 
High compressive strength 


. 
Cobalt Base Alloys | Oxidation resistance 


Corrosion resistance 
Hot strength and creep resistance 


Increasing Abrasion Resistance 


l ค 
Nickel Base Alloys | Corrosion resistance 
May have oxidation and creep 
| resistance 


Martensitic Steels »0od combinations of abrasi 
Mart tic Steel € 1 binat f at 

| and impact resistance 
| Good compressive strength 


Pearlitic Steels | Inexpensive. Fair abrasion 


and impact resistance 


Austenitic Steels | Work hardening 

Stainless Steels Corrosion resistance 

Manganese Steel | Maximum toughness with fair 
abrasion resistance. Good metal 
| to metal wear resistance under 

impact 


Increasing Toughness 








sensitive to carbon content and structure 


field between light and heavy impact 
Impact stresses may be transmitted 


through a competent hard overlay and 
ıuse deformation of the underlying 


base. This can lead to residual ten 


sile stresses on the underside of the 


| 
overlay If base deformation is pro 


І 
gressive, cracking of the overlay will 
result. The nih 15 the selection of 
a stronger base metal or more | 
overlay material. 


T E 1 
Need for abrasion 


Table III — Hard Facing Alloys for Impact Service 


MATERIAL 

PROPERTY AND 
USE Martensitic Martensitic Austenitic 

Irons* Steels* Manganese Steel 


Suitable for: Light Medium Heavy 
Impact Impact Impact 
Yield strength tensile, psi 60,000 45,000- 55,000 


80,000 

Ultimate tensile strength, psi 65,000 100,000- 150,000 
: 90,000 psi 

Tensile elongation, percent 0.01-0. 30-70 

Brinell hardness 500-750 160-220 

Rockwell hardness C48-C65 C0-C20 


Yield Strength, 150,000- 45,000- 55,000 
compressive 0.10 percent set 285,000 
Ultimate compressive Str, psi 265,000- 

385,000 
Elastic deformation, p=rcent 0.8-1.4 „8-1. 
Plastic deformation, p»rcent 0.2-5.4 : 30-55 
Total deformation, percent 1.2-6.5 s 


Wet Sand Abrasion Factor** 0.30-0.50 - 0.65-0. 0.75- 
Dry Sand Erosion Facto: ** 0.05-0.15 E 0.55- 


200,000-310,000 


0.85 
1.00 


*Untem espording to the usual status of weld deposits. 
**Weight loss "etie eum compared with annealled SAE 1020 steel. 
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Reduction in height, percent 


CR-CO-W Wo. 6 
1.06% C. 


. 


Austenitic Nickel Manganese 


Welding rod grade 


Austenitic Molybdenum - Manganese 


CR-W Martensitic iron 


15 


2873C. 
20 25 30 


Total impact, 10° fi.-Ibs. 


Welding rod grade 


CR-MO Mortensitic steel 
(Duplicate samples) 


ае?) 


Specimen 


Note: — 


/mpact blows are 500 ff - ib 
each above 2500 ft.-/bs. 


0. 
$ ®Point where cracks 
appeored 


35 40 


Fig. 1—Effect of repeated impact on hard facing alloys. For repeated light blows, marten- 
sitic irons and steels provide good protection because of their high compressive strength. 


explains why these 


vored tor impact com- 


asion 


Ihe maximum 

vice and the duration of Joad 
lication should next be estimated 
st materials that will also 

impact requirements ex 


te mperaturcs 


metal deterioration 

mpering, soften- 
corrosion 

iling at high 

sted by alloys 

percent 

rily can be 

а 3 {0 1 

mation of 

to 1,800 F, 

ing agents are in- 

gh chromium irons, 

ind the stainless 

re chro- 

| first for 


are mini 
it or slightly 
erature. Extra 
ined from alloy 
ning chromi 


whi h 1 [ 
properties in the range from 900 
1,100 F 'h speed steels, used as 
welding serve well up to 1,050 
or 1,1 , especially since oxidation 


156 


Is not a serious problem below these 


temperatures. 

(c) Creep or plastic flow becomes 
an important factor above 1,000 F. 
Up to 1,200 F martensitic irons may 
have adequate creep resistance, but at 
and above 1,200 F the cobalt base hard 
facing alloys seem to provide the 
highest hot strength under sustained 
loads 


If both high hot strength and hot 


Tensile toughness [_] 
Abrasion resistance [_] 


о 


38388 8 g 


Wet Quortz Sand Abrosion Foctor 


556: 


59% Сг -15 9% Mo Nickel Bose Allo 


O75%C I2 *$Cr steel-os cast 
O%C Cr -Co-W Alloy as cost 


850 700 46 ^ 340 "190 


Poor «—— Abrasion Resistance ——» Good 


gas corrosion at 1,600 F or higher ar 
required, the field is narrowed to 
chrome cobalt tungsten alloys. These 
are likely to become scarce, and while 
substitutes are becoming available 
technical data to assist selection 
scanty. 

If corrosion is involved, the subj 
should be studied carefully in oth 
references, since this is perhaps th 
most complex field of wear resista! 


th 


-Welding Rod Grade 


-ħegt treoted to 240 
Manganese Steel 


Index of Tensile Toughness- psi 


Ultimate Tensile Strength(psi) and Elongation (%) 


Cast Tank Armor — heot treated to 310 BHN 
ost Tonk Armor 


Austenitic Molybdenum-Mongon 


Austenitic Nickel 


145 30 240 175 175 


Hardness, BHN 


Fig. 2—Relative abrasion resistance and tensile tough- 
ness of a graded series of wear resisting alloys. 
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good 


Hordness, Rockwell "C" 









Table IV — Properties of Some Martensitic Irons 





CHROME-NICKEL CHROME-MOLYBDENUM CHROME-TUNGSTEN 22 \ 
ТҮРЕ ТҮРЕ ТҮРЕ ต 
PROPERTY |  _ 4 


Gas Small Are.. Gas Small Are Gas Small Arc ‹ | 
Welded Castings* | Welded | Welded Castings" | Welded | Welded Castings" | Welded น จ ; i 







Composition, 5 
percent 4.5Ni, 1.5Cr. 14.0Cr, {Mo 18.CCr, 15W 
Resistance to flow | 1 
under repeated 
Good Good 


impact: E> cellemt 
Tensie toughness Low Low Low 
Resistance to redu Weld М \ № 
cracking under 
repeated impact Lew Fair Fair resistant LLLOVS nave 
Oxidation 
resistance Low Low Medium 
Maximum temper | 1 1 
ature considered 1 E DG ] | 5 | 
advisable 1,000 F. 1,100 P. 1.00 F 
Creep resistance Low Fair Fair 1! SHOW 11 
Rock well í 
Hardness** i ١ 
и 70F Ceo C6 C63 С57 C62 C65 | 
600 F CSI Ct 051 54 ІС У - 
800 F С51 са? C52 m 4 
. 1000 Е C27 C17 co C46 43 сз C50 I 
1200 F с-13 0- | ๓ ๑ 7 сї сз? ต h 
Compression і i 
strength at ง $ { 4 สู 
9.10, set Yield ย น 
อ ม 150.000 172 285.000 184- 226,000 \ 
Ultimate — psi 260 380.000 310 386,900 292-334,000 — „А. 
Elastic deforma- ' | 
tien, percent 0.9-1.6 1.2-1.4 0.1-10 " 
Plastic deforma- г< 
tion, percent 0.6.3.0 03-14 0.05 
Abrasion resis- 
tance Good Good Far Excellent | Excellent Good | Excellent Good 
Wet Sand Abra- OXidiz T | 
sion Factor 0.37-0.57 0.30 0.65 |0.600.74| 0.30 0.46 | 0340.47 10.38-0.54] 0.28-0.53 0.46-0.60 ' „№ 
Erosion Resis- | nz | stion methods DIO 
tance Good Fair | Excellent Good | Excelleat Good і : а 
Tensile Strength, 1 t gas sl іаеа а О! t 
22.000-43.000 ; 
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pu 
Elongation, that conta s pow 
percent 0.001 0.050 
Brinell hardness 500-650 
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*Properties considered between those of gas and electric weld deposits. Usad for some test specimens to eliminate welding я 
variables iad defects. **[nstastaneous values \ 
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FRICTION. While the nominal operat F and above 1 F th Ж. E ( 
A 1 Цу difficult | loys and [or aie рг aw 
ing temperature is important, it 1s also K not usually di cul 0 | r 
1 M) (f 4 + ro e murc} room for а 
mperative that the momentary high 800-1,200 F there is much room 
е น ood judgment and critical sel BRHAeOM. Neu 
mperatures at friction faces be con- good judgment and critical ек ABRASION N La 
- } 1 } | ] ] na +3 $ { (= 
sidered. Unfortunately, such tempera tion, balancing probable performan should exan | уре ‹ - 
ires are difħcult to estimate or meas- agains alloy and weld ng costs. M ision tet vely E 1 > 
and the engineer must resort to tensitic irons and steels Га ^ [M M » oDVIOUSIY th ior factor. 1 i= 
ә mM 1 oss 1 - 
sswork Since the heat developed containing chromium, molybdenum or \ ynsidered eval / 
likely to be unexpectedly high. it is tungsten can aid here, the choice bein O1 { ра 5 
; “ด T [+ m 
st to use the alloys. Fige. 3. with narrowed by impact conditions ] | on 
good hot hardness characteristics. B lamage from friction ;s attri 1 | nt ‹ 
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@ loss of hardness during 2 min. under load 
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Fig. 3—Apparent hot hardness of hard surfacing alloys at (A) 1,000 F; and (B) 1,200 F. 


scratching abrasion, ( 2) grinding ab: 
sion (which is implied herein whe 
not otherwise designated), and (3 
gouging abrasion. The first two a 
differentiated by the stress that can 

brought to bear upon the abraded si 
face. The third is characterized | 
anchorage or good support of tl 
cutting agent, much like that for 

machine tool cutting bit. These a: 
stated in the order of increasing seve 
ity or depth of metal removed per ut 
timc. 


Ni-Cr Martensitic 


Ultimate strength 


оз, у5 []С* -Со-М No.l Alloy 


гоп 


Compressive Strength, IO? psi 
Mortensitic fron 


Ultimate 
Martensific 
Ultimote 
Ultimote streng 
OI%YS.] — ^ à [Morfensific Steels 


While it is possible to obtain goo 
combination properties, the wear r 
sistance of alloys of these three type 
does not follow a simple pattern. Th 
three must be treated as separate Case 
in both wear analysis and alloy-sele 
tion. The factor of impact frequently 
complicates them and is particularly 
likely to accompany gouging abrasion 

Unless tungsten carbide or th 
chromium-tungsten hard facing 
Table IV is selected the engine 
should decide whether erosion (Fig 5 
or abrasion (Fig 6) is most important 
For erosion the austenitic high chro 
mium irons are excellent; for higl 
stress abrasion martensitic iron, espx 
cially when gas welded, is a bett 
choice 


Ultimate strength 


Oi*yeld[ j Austenitic 28% Сг 
YS] Austenitic Manga 


Ol*YS| [Cr -Co-W No.6 Alloy 


0.1 % Set yield streng 


Cj Ronge of valves 


9 to 22% 
53 to 28% 


Deformation, Percent 


Plastic deformation 
Plastic. deformation 
Plastic deformation 


Fig. 4—Comparative compression properties of various hard sur- 
facing alloys. Those alloys with high elastic strength reduce 
welding wear by providing high yield strength at the wearing face. ы 
These austenitic and martensit 

irons polish well, and being les 

expensive than tungsten carbide th 

ire frequently selected for resistan 


ล of volues to abrasion. The choice between the 
004 


should be based on the identificatio 
: of erosion versus abrasion (or Jo 
wr versus high stress abrasion). If hi 
0.06 | hardness as well as abrasion resistar 
is. required, the chromium-tungstc 
martensitic iron may be indicated 


Outstanding 


Austenitic manganese steel absor! 
more energy for a given amount 
impact deformation than any oth: 
common metal. Independently, field 
experience has accorded it the pre 
ferred position for wear resistan 
against gouging abrasion that occur 
in all sorts of mining, crushing, a: 
grinding equipment. It is, therefor 
selected where resistance plus tougl 
ness is required. 


Excellent 


- Gas Weld 


Gas Weld 


Welds 


Unless impact is severe (thus re 
quiring austenitic alloys) the type o! 
surface that may develop in use als 
may be important. If a polish, wit 
relative absence of roughness and sur 
face teeth, is desirable, the tungste 
carbide deposits may not be practica 
Otherwise they are best for abrasio 
resistance. Some latitude in terms « 
toughness and hot hardness is possib! 
with tungsten carbide by the selecti 
of granule size and welding method 

In general, gouging abrasion is be 
Fig. 5—Relative erosion resistance of hard facing alloys against dry quartz sand. resisted by tungsten carbide, hig 
chromium irons are next, and t! 
martensitic irons follow. Were it n 


005 


-Gos Weld 
Relotive Wear Resistance vs 1045 Steel 


Chromium Pearlitic Steel Arc Weld 


Maortensitic Iron Arc Weld 


Nickel Base Cr - Mo-W Alloy Gos Weld 


Dry Quartz Sand Erosion Foctor -(Ratio of Wt. Loss vs 1020 Stee!) 
4% 


Chromium- Tungsten Martensitic Iron Gas Welds 
Chromium-Molydenum Martensitic гоп-Агс Weld 


Composite Tungsten Carbide Gas Welds 
Austenitic Chromium iron 
Chromium- Cobolt - Tungsten No.! Allo 
Cr -Co -W No.6 Allo 

Nickel Base Cr - B-S!-C Allo 


Chromium - Mol 
|] Austenitic Nickel- Manganese Steel Arc Weld 
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proved performance at equal 








the associated impact, this trio 
ild bé preferred. However, except 
ere they are protected from shock 
formation, their brittleness is 


+ 


at for good life expectancy. 


too 


Other Considerations in Selection 





the tentative 
reviewed in 


Finally, selection 
ould be relations to 
it down costs and overhaul sched- 
es, if these are likely to become in- 

olved. If life expectancy is obscure, 

trial of two or three types, to ob- 

in base line data, should be made 
for the same installation. The most 
onomical choice will probably be 
hat which lasts just through the nor- 
nal service interval, or for some multi- 
le of this; there is little advantage in 
using an alloy that will outwear an 
ther by 50 percent, for example, if 
base line life is one service period, 
ause the better alloy would need 
replacement at each overhaul anyway 

If life were doubled by 100 percent 

mprovement, however, a real saving 
in be shown even at considerably 

greater alloy cost, because replacement 

need be made only during every other 
shut-down. 

It the logic of an alloy application 

ibination is not clear, it may be the 

ilt of either an exception to the pi 

presented or of a misapplication 

[he simplification attempted here has 

ssarily involved omitting a modest 

1 of hard facing alloys, and a care 

scrutiny of an established practi 

iy lead to rewarding changes. Where 

rd facing has not yet b 


| 


C 
ncc led. thc ге 15 ап 
n greater chance of obtaining im 


resistance is 


or low 


per SC rvice hours 
Base Metals for Hard Facine 
While \ 
rials can be hard faced, the weld 
ibility of 


onsideration 


T: 


most metallic structural 


1 


the Базе 15 ап important 
Deposition upon a base 
much lower melting point is likely 
be difficult or unsatisfactory. Or- 
linarily, this is not a problem since 
ost facings are put on iron or steel, 
utter generally being best if the 
uneer has freedom of selection 
| 1045 killed 
which is relatively strong but 
tly free from cracking tendencic 


1 
he 


A preferred grade is 


If even greater streneth is required 
eutectoid steel with around 0.80 
percent carbon can be used, | will 
lire more careful handling. A Jow 
bon mild steel like the 1020 grade 


1 p 


weld easily but often is too 


T} 


ıe alloy steels, especially with 
im or high carbon content, are 
ilt to weld without crackin? and 
Id be avoided if possible. Tf the 





UCT 


ENcINFERIN 


\ к 11 























































Cobalt base alloy appliec to engine 
must be welded, a pad of austenitic 
stainless steel, like 25Cr:20Ni, arc 


deposited from a lime coated electrode 
can help minimize cracking. In any 
case it will pay to examine the time 
temperature-transformation curve for 
the base steel involved and to control 
heating and cooling to produce a 
pearlitic transformation. Carbon steels 
are unlikely to form martensite unless 
quenched, but many of the alloy steels, 


particularly if they pick up carbon 










during welding, are able to form 
nartensite as the weld cools. Forma 
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Fig. 6—How the abrasion resistance of various deposits 
compared when determined by special laboratory test. 
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Start-Stop 
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Speed char* 
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Air Turbine Driven Spindles 


Simple air turbine, air lubricated bearings, and pneumatic 


speed governor combined in a drive for a high-speed internal 


grinder head unit provide a wide range of governed speed. 


PAUL M. MUELLER 


Assoc. Manager of Engineering and Research 


Chandler-Evans Div. Niles-Bement-Pond Company 
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Governors for High 

Rotating Machinery,’ PRODUCT 
NGINEERING, 1951. p 170 
Th ures with 
and a 


shop con 


ps 
CX tobe r 


reat 
drive 
il 


fortunate 


integration of thesc 
irbine 
the usu: 
jy is : com 
results 
ly low 


1 with 


installation cost 
the familiar high 


1 for uiv- 


"what 


some 
1 
1 
tage of availability 


wing maintenance. 
m grinding wheel 


truth in the hole 


by the precision of the 
pindle and traverse) 


ro 


inches rms or better witho 
dinary preparation 

5. Reduced bell mouth and 
in" on interrupted or ported bor 

6. Improved finish and truth fo: 
given floor to floor time when pro 
tion rate is paramount. 

Convenient and rapid change 
governed operating speed over a w 
range. | 

8. Abilit; 
at any angle 
the air bearings 
Essentially 
trol with 


to run 


the 


the spindle 
horizontal 
unaffected by 
y constant speed 
governor droop less 
needed for the most precise work 
10. No generation of local 
that could influence the assoc 
hine accuracy 
Two development models are sh: 
in Fig. 1 Unit (A) can be adj 
to hold any selected speed withit 
range 30,000 to 50,000 rpm and 
be used with wheel diameters fro 
to 1 in. Unit (B) has a speed 
60.000 to 100.000 rpm and 
mally carries wheels or points § 
in. dia. The body cast ings are 
hined to suit a popular make of | 
grinder, and a lap ters can be mad 


to 
arc 
о 


1 


ated 


of 


bo 
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for Internal Grinding Machines 


suit any of the usual grinding head have a carefully made venturi fla 
mounts 


re 
with an expansion ratio to use the air 
Shop air is connected by a flexible efficiently. The controlled air to the 
2 in. hose at the rear of the housing. nozzles is contained in an annular 


An internal passage connects the air chamber just visible in the housing and 


line directly to the reducing valve, sealed from the line supply and the 
which delivers a st eady pressufe nearly exhaust by rubber O-rings; one large 
independent of line fluctuations to ring in the housing oa | 
the s speed governor. This passage also ring at the throttle ports 
onnects to the air lubricated bearings, is connected to this annu 
which are kept under pressure whether — dicates nozzle pressure. 
the spindle is in operation or shut Further detail i 
lown. A start-stop lever opens or dismantled cartridge shown in I 
a 


15 fev eale 1 


| > mnl! nino ‚| het А TI | fr + | y e 1n the n 
105е5 a simpic piug Vaive between 1€ front Dearings are in the fan 


the sup ply and the turbine. The speed nose housing (A). The spindle and 
lection needle valve is used, in con- Terry type runner are shown at (B) 

inction with the speed chart and the The rear bearings are in the governor 

ozzle pressure gage, to choose the and nozzle housing (C). These 

peed at which the governor is to con- — are of the 50,000 rpm unit 

trol. An expansion chamber or muf- an idea of the size of the 

Her reduces the noise of the exhaust front journal is 1,3, in 

to a low level runner rim about 3 in. dia 
In Fig. 2 is shown the spindle car- of the thrust bearings i: 

tridge, removed as a unit from the 2 inches 

housing. The cartridge contains the In this model the bearing 
earings, spindle, turbine runner, gov- is ordinary bronze and the 
rnor and throttle valve. From mu hardened steel The 

ð eight nozzles are used dependin choice of bearing materials 
pon the service load required by = elastic because the 


mmr 
app! 


rubbing 
articular application The nozzles always separated by an air 
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Control pressure 


ror y | + 
trom Fig » ри 


judged from the 

on the rear journal 

ings are arbonaceous deposits 

air line pply, which were 
off at the time the photo 
taken 

rovernor pro} er 

1 idvantage 

entrifugal fly weights 

formed by slotting 
Under centrifugal 

cantilevers bend 


not evident 
positions can be 


rings 


ned 
№1} 1 
raph was 


Ih 


to оо 


antilevers 
tal tube 
these 
| he 
nds of ctu 
ground, spindle 
to a diameter that will j lip over 
the plug, which can 
bottom of the rear journal 


is cross-drilled to form 


out radially 


outer 


11 


inner diameter of th« 
the 


concentric 


cantilevers is ‹ 


with 


162 


Y 


Я 


Throffle valve body 


Throttle ports 


і nearly sealed by the 
governor cantilevers when the spindle 
rest. This orifice is a bleed from 
the control air system 


which is Very 


IS at 


As the turbine is brought up to 
speed the cantilevers spring away from 
the seal and increase the bleed. The 
of bleed thus can become a meas 
amount of deflection and in 
measure of the spe | of the 
spindle It that 

used to regulate a selected speed 


rate 
ire of the 
turn a 


is this characteristic 


and to select the desired speed. 

The simplicity of the cantilever 
governor accounts for its ability to 
regulate with very small droop. There 
are no links, levers or pivots to intro- 
backlash and friction, hence, 
governor hysteresis is limited only to 

tion in the metal of 


1,, 
се 


Qroop spring 


the cantilevers, which is v 
small. For the 50,000 rpm turbii 
the inner diameter of the 
ring is 4^ in. [ts initial seal is le 
than 0.0001 in., which is opened 
0.0012 in. at half speed a: 


n. at full speed 


anishing 


cantilev: 


id to 0. 


The plug and orifice conne 
rectly to the pressure side of the p! 
tic diaphragm shown in Fig. 5(A 
This diaphragm is fastened to the r 
housing by the flanged throttle val 
body (B). The throttle spool exten 
through the valve body and is urg 
strongly to the left by the heavy spri 
(C), which when the governor 15 ‹ 
in, just balances the control 
force on the diaphragm 
control 


press 


| 

Any red 
^. 
CIOSCS 


tion. of pressure 


throttle and an increase opens it 
Marcu 
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‘his 4 iju 
speed sett 

[his conven | 
of changing speed is ot particular ad 
vantage when installing new grinding 
wheels. When first mounted these 
wheels are generally eccentric and 
potentially dangerous if run at high 
speed for the dress. By reducing the 
speed to a safe value, the wheel can 
be hand stoned into balance after 
which the speed may be bro 
for the finish diamond dress 

In Fig. 6 is shown the relat 


ht 
1 


of two runners for a complete 

of speeds. Runner (A) has a rang 
of 30,000 to 50,000 rpm; and runn 
(B) has a range of 60,000 to 101 
rpm. 

Ihe 50,000 and 100,000 rpm sp 
dles have been redesigned for quantity 
production. The redesign follows th 
principles described for the develo} 
ment models but differs in one 
portant respect Ihis difference p 


mits a more economical adaptation t 


111 


~ 


«(^ 


a wider variation in the air ир 


4 onditions 


lo function most satisfactor 
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bearings and the ontrol 


source of air having a minim 


psig ar d a variation of 


pressut 


I 
more than 1€ percent, a condit 
always encountered in the 


гъ а аз 


mii m 


power air, that is, the portion 
supply that drives the turbin 


not be well regulated becau 


лл ії 


"€ 
ernor takes care Of a! 


The bearing and contro 


ล์ 


tity is minor, the bulk of 


powcr 


ү 


needed for driving 
The redesign tal 
lerati 


consideration 


vul 
1 
»Ources oniy one of 
regulated for th 
rrangement is n 
in installation wh 


ал IEE ¥ 


spindles are needed 
1 1 


| : : | number of spindles 
Bleed at the cantilever seal deter- when governing is always near 4. i bank обои 
۴ E ‘ All? Ui | I 1 IA 
mines the control pressure and thereby psig. This same amount of 


| ; i | E ond arrangem« 
letermines the degree of throttle open- need escape from the orifice 


у 


ng. The parameters of the design governor cantilever 
are such that the throttle cracks at 40 The 
psig and is completely open at 45 psig 
[his pressure acting on the effective 
irea of the diaphragm, about 24 sq in., 
lances the heavy actuating spring. 
Ihe rate of the spring determines the 

nsitivity, all other things being con- 
tant; a high rate increases the droop 


speed of the spindle mu 
therefore be such that the balance is 
met, otherwise the diapl ragm pressure 
will change and the throttle will open 
or close to bring the speed to a point 
where control air bleed equals the in- 
let rate. Thus, if the speed valve is 
adjusted to pass only a small amount 
1 a low rate decreases the droop of control air. the caritilevers need ! 000005 
By adjusting the amount of bleed spring away from the bleed orifice grinding of 


passing through the control system, only a small distance to equal this finish and t 
desired speed is pre-set. Air under flow. This adjustment is equivalent 
onstant pressure from the reducing to low speed setting. Contrarily, if 
lve, Fig. 1, is metered at the speed the speed valve is opened to pass a 
ection valve as the air goes into the greater amount of flow the cantilevers 
ssure side of the diaphragm, which must open wider to balance the rate 
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Recommended Designs for Scales of Vorious Types 
Moving Pointers Moving Diols 


NL FT; 


— 


7 
[> 
Satisfactory control-indicator relationships for 


Ў 
ศา ชล ง Clockwise control move- 


я produces increased indicator reading, 
A เล ง ล 14 ละ: 


Numbers Increase Clockwise 


Numbers Increase to Right 


Numbers Increase Upwords 


The coding of controls by shape can reduce the number of errors 
caused by confusion. At Wright Field tests were made on knobs 
fot ideal relation to purpose and for discrimination. The knobs 
shown above are from a group found to yield zero error. 


Fitting Machines to Men 


PROBLEM of find out what factors limit the attain- notes on what the operator does 
operator is ment of these objectives, for example, Frequently, motion picture cameras 
ring, which to what extent does the equipment an be used to obtain a permanent 
machines restrict the performance of the opera- record which can be studied and 
with tor. The last step is to determine analyzed at leisure. This technique 
limita- what can be done about these prob- provides answers to questions such as 
acterized lems. 1. Are the controls properly de 
General methods are used com signed, positioned and of the correct 

monly to obtain such data ensitivity ? 
ACTIVITY ANALYSIS. A detailed study 2. Are the switches and ındicators 
of how an operator functions with of the right type and properly 

xisting equipment often indicates grouped? 
nges that will result in less fatigue, 3. Are emergency controls provided 
tion, fewer rejects, better where needed? 

d safety and reduced If information is the critical item 
flowing through a system, recordings 
This can be done by time-studying can be made of conversations between 
Operation and making detailed personnel at various work stations 
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| p Poor 
| | Good 
To reduce error for open win- 
dow dials, the windows should 
Accuracy in reading a dial is not improved by adding fine be made large enough to per- 
subdivisions. Figures under each dial indicate the percen- mit two complem aumbers to 
tage of error in reading the dial with exposure of 1 second. be shown at all times. 


34% Error 41% Error 44% Ervor 
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With a moving pointer, a 
clockwise movement will in- 
dicate an increased reading. 
Control and pointer should 
move in the same direction. 


‘+ 


f 


ГУ enti Y 


® Establishing engineering specifications for ma- 

chines or equipment often is only half the job. м 

9 Considering the operator as a basic part of the Lem but 
design problem may materially improve machine 2 0 A 
efficiency to a great extent. 

© Неге аге techniques of Dunlap and Associates, Inc., 

a firm that applies them in their work for both 

industry and government. 


+ r } } 
erators who hav 


Analysis of these recordings often 1 equipment and s 


ils trouble spots, such as over-loaded Natur lly, the opinic 
uits, and frequently visual signals — tor is always valuabl 

n be suggested which will relieve design data. Howe 
load. By incorporating thesi reliable than fact 

nd recordings with an activity an- increased by 

ysis, it is possible to predict the of a large ; 

rator's actions when responding to of questionnaires 

structions, and to determine the should be checked bı 

ICIENCY and effectiveness of both the .tion wherever poss! 
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ents of a given machin ich 
idicator dials, Or a comparison of 
rious Operating procedures 

What Should Be Studied 
In general, factors to which particu 


ır attention is given in any research 
ind design program can be arbi 
trarily grouped into two categories: 
nvironmental and machine 

In the environmental category are 
ch factors at temperature and humid- 
ity, lighting, and noise. If ventilation 
in the area in which the ma 
hine will be placed, heat producing 
inits should be separated so that the 


15 pi Юг 


heat is large an 


Vents should be so 


distributed over as 
area as possible 
placed as to direct heat away from the 
operator. Adequate space should be 

ft between all machines, not only 
for purposes of cooling but to permit 
casy Maintenance 

Color of the machine should be 
elected not only for appearance, but 
to provide good color contrast under 
the type of lighting that will be used 
Dial lighting and supplementary ma- 
hine lighting should be provided 
necessary. If certain meters or indica- 
tors must be separated from others 
nd even grouping does not give suf- 
ficient discrimination, „the groups 
hould be outlined in color or colored 
meters should be us ed. 

the category of machine factors 

re such items as (1) dial indications; 
(2) machine controls; (3) machine 


nensions: (4) lector switches: 


(5) machine mounting; and 
of a similar nature. 
Visual 


I actors 


indicators are one of thc 
more important points of study. Ther: 
are two types of scales commonly used 
as visual indicators: circular and linear. 
Each has two sub-types—a fixed dial 
with a moving pointer and a moving 
dial with a fixed reference point—and 
linear indicators can further be classi- 


fied by whether the scales run hori- 
zontally or vertically. 
The type of indicator to be used 


depends on the type of reading that 
is required. One indicator might be 
preferred for a check reading, another 
to note qualitative changes in operat- 
ing conditions, and still another to 
give a quantitative reading or the 
actual numerical value of a change. 

For the check reading of a group 
of indicators, the display should be 
patterned so that, under normal op- 
erating conditions, the pointers of all 
gages will be pointing in the same 
direction. Best results have been ob- 
tained when normal conditions are 
indicated by pointers in the 9 o'clock 
position. Other accepted principles are: 

1. Accuracy of reading is not im 
proved by use of a dial with extremely 
fine sub-divisions, particularly оп 
production equipment 

Numbering small sub-divisions 

decreases, rather than increases, the 
accuracy with which a dial can be read 
at a glance 

3. A moving pointer is better than 


| counter if the change of indication 


























factor. 


READY for another deceleration ride. Disk at upper 
windshield supports a small, sensitive telemetering an 
which broadcasts signals of volunteer's reactions 

Chassis has been stressed for 100 "g's", with 50 


THIS SLED-LIKE CARRIAGE races down a two mile 
speeds up to 1,100 miles an hr, and at its maximum speed cata- 
pults a dummy from an ejection seat. The purpose of the test 
conducted by the Air Materiel Command, is to determine the effect 
on a pilot when leaving a plane traveling at extremely high speeds. 


Ркорт:ст 


is rapid, or when one is interested 
knowing the rate of change. 

A control and its indicator sho 
move in the same direction, with 
clockwise movement indicating 
increased reading. 

If open window dials are used, t 
windows should be large enough 
show at least two numbers at all time 

Scale units should be numbered 
multiples of 5, 10, or 100. 

Incorrect or slow reading of an i: 
dicator is, of course, not always serio 
Results could be trivial, as for « 
ample, the misreading of an altimet 
while flying at 20,000 ft over lev: 
terrain. But the same error could ! 
serious when flying over mountain 
It is for the latter reason that so mul 
attention is given to indicator desig 
in human engineering. 

Correct design of controls is, how 
ever, equally important. Magnitud 
and type of load, sensitivity of tl 
control type of motion, amount ot 
load feed-back, and control location 
are some of the signifiant factors 
Usually the magnitude of the load i5 
one of the first considerations becaus 
the ability of the operator to control 
it, whether by pushing, pulling « 
turning. determines whether the load 
can be'directly geared to the control 
lever or whether power operation 
desirable. In all cases of power or 
erated controls, some “feel” 
be left to the operator, either by de 
liberately designing into it a syntheti 
resistance to movement, or by havin 
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wer operation take over only after 

p operator exerts a certain amount 

pressure. This resistance to move- 

nt can be linear, so that the same 
rce must be exerted regardless of 
position of the control, or it can 
differential, so that increased force 
necessary as the control is moved 
rther away from dead center. 

Sensitivity of the control is closely 

d in with the type of control mo- 

п. A wheel gives excellent sensi- 
tivity and flexibility, but the correct 
gearing is necessary to eliminate un- 
necessary turning and provide correct 
leverage. А lever gives almost the 
same amount of precision, but is lim- 
ited in movement to the length of the 
operators arm. From this standpoint, 
the location of the control, especially 
in a confined work space, frequently 
governs the choice el exin. 

Increased sensitivity can be provided 
by using different gear ratios, one for 
fast moving control and another for 
vernier or fine adjustments. А com- 
bination wheel and lever is one way 
of accomplishing this. Another is a 
two-position wheel or knob that in 
normal position permits fast moving 
adjustments but in a detent position 
gives a fine control. 

As with indicators, the direction of 
movement of the control should fol- 
low the movement of the equipment, 
and if possible the shape of the con- 
trol should be indicative of its func- 
tion. Visual discrimination is partic- 
ularly important when there is a 
multiplicity of control elements, as in 
an aircraft cockpit. As a matter of 
fact, the Air Force has been experi- 
menting for some time with basic in 
shapes that permit maximum discrimi- 
nation by feel. Work on this project 
is continuing, the goal being the 
largest possible number of shapes 
without sacrifice of accuracy. 

Of course this problem of controls 
depends somewhat on whether a new 
design or a redesign is involved. Re- 
training an operator may or may not 
be justified by the advantages that are 
gained through redesign. A decision 
to redesign, therefore, must take into 
consideration the amount of retraining 
required, and must be based on the 
abilities of the average operator. 
Usually no such limitations are im- 
posed on designs for entirely new 
equipment. The problem here comes 
down to getting the best control, in 
the best position, and if possible, in 
the correct pattern for operation 

In respect to position, machine 
height and chair height have a sig- 
nihcant effect on operator fatigue or 
eficiency. The position of a clutch 
on a tractor, a scope on a radar viewer, 
or a control stick in an airplane in 
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relation to the normal Operator 


| роз! 
tion, and placement of и 


idicators are 
examples of some of the factors that 
must be considered. Although the 
old approach Wis tO sO position the 
operator that he had to move around 
to run a machine, constant changing 
of position can easily cause mistakes 
in reading of indicators and making 
control corrections 

Although emphasis, has been placed 
on industrial and milıtary equipment, 
analyses of the above types apply 
equally well to consumer products. A 
typical case is that of an electric stove, 
the details of which are as important 
to the housewife as the design of a 
machine tool is to the operator. 
Design factors influencing customer 
satisfaction can be determined by 
the techniques previously mentioned 
Use of these techniques in product 
development can have a favorable 
effect on customer reactions and sales 


Integration of Equipraent Into 
Systems 


All of the foregoing considerations 
frequently are influenced by the sys- 
tem into which a machine must be 
integrated. Consider, for example the 
problem: of manufacturing and dis- 
tributing electrical power to meet the 
demands of a community. The power 
plant for any community is a common 
example of a complex system of men 
and machines. The per'ormance of 
this system is directly affected by the 
demands made upon it as well as by 
the various factors contributing to the 
generating of power. The basic objec- 
tive of the system is to maintain an 
optimum balance between supply and 
demand. To do this various sub- 
systems of men and machines must be 
employed, such as fueling, generating, 
switching, lubricating, maintenance 
and communications. First a backlog 
of information must be built up and 
overall decisions made on the general 
characteristics of the system: 

1. What are the anticipated de- 
mands for given periods in a 24-hour 
cycle? 

2. What is the optimum supply 
that must be generated to meet these 
demands ? 

3. How important are minor devia- 
tions from the anticipated demand ? 

4. What action must be taken to 
adjust to these deviations ? 

5. How are the various sub-systems 
affected by changes in demand? 

6. To what extent is the supply 
affected by breakdowns in the sub- 
systems ? 

7. To what extent can neighboring 
plants be drawn upon in emergencies? 

8. How are emergencies in neigh 


Ori systems LIKCIY tte 


rormance in this syste 

9. What ar 
requirements between systems 

10. What information do the var 
ous plant operators need to регі 


their tasks 

11 How mav this into 
be presented to them? 

12. What are the speed and a 
curacy requirements of the various 
tasks ? 

13. How should the controls and 
indicators be designed and arranged 
so that the performance requirement 
can be satisfied 

14. To what extent do work en 
vironment factors, such as li 
noise and vibration affect performance 


ү 
With all th 


facts known, the next 


step is to sign the equipment to do 
the work. A particular system must 
be $ | ind sted 1 de 1$10n$ 
regarding lividual elen s in the 
svstem made from these tests. After 
the technical features. ot el 
ments are decided upon, the problem 
15 narrowed lown to cost, a апа! ility, 
and practical Ицу: ог. the choice of 
cost against performance [he details 
are given to the designer with the 
recommendations to use accepted 
modes Or design, § ich as color, size 


of lettering, and shape. Then a model 


is made and analyzed 





This analysis covers the finer points 
of the design from the human engi 
neering standpoint. Take, for in- 
stance, a switchboard unit. These 
points must be considered 

1. Size of the panel 

Color of the meters and back 
ground 

3. Glar prote tio! 

4. Location and arrangement of 


controls and displays according to 
importance 

5. Design of specific controls and 
indicators 

6. Communication facilities 
7. Emergency signals 

8. Record-keeping facilities 

9. Operating instructions and 
ulations 


10. Training programs 

11. Factors inducing boredom 

The jet fighter plane is perhaps the 
best indication of how increased speeds 
and modern design are making the 
once simple job of flying into a com 
plex procedure New propulsion 
units have increased the speed, added 
more dials and controls, and reduced 
the time with which a pilot may 
observe the dials and make decisions 
from them. Good design of the 
cockpit and the control panel probably 
will not reduce the number of ele 
ments, but it will make operation 


| 
easier and less subject to error 
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PART II 


J. O. ALMEN 
Research Laboratories Division, General Motors Corporation 


Analytical studies of fatigue fractures in torsion bar springs for military vehicles 
that, in spite of inherent planes of weakness, show that torsional fatigue failures are 
caused by and develop normal to the tensile component of the applied stress. Data 
bearing on the characteristics of torsional failures obtained from fatigue tests 


of torsion bars that were subjected to experimental variations in processing. 


SUBSTANTIAL EVIDENCE was presented t h altering the yield strength of | C49-50. In the final processing, thes 
in the article “Torsional Fatigue Fail the metal bars were pre stressed by shot peenin; 
PRODUCT ENGINEERING, Sey he discussion on Torsion Bar and by overloading in the direction of 

to show that р he latter part of that arti the normal service load 

| obtained by the dissection It was seen that the fatigue strengt 


failures epeatedly ay process were pres піса to evaluate the was much greater in torsion bars that 


plied torsional loads. Data presented residu tresses in a specimen cut were shot peened before pre-settir 


n that article also show that th« m rom a torsion bar spring, which was than when the opposite sequence wa 
contribu tigu made of NE 9262 steel, heat-treated followed or than when shot peeni: 
iform hardness of Rockwell was omitted In terms of nomina 


Fig. 1—Residual stress in & tank 

torsion bar spring. Reconstructed 

from dissection measurements 

showing reduced surface tensile Approx yield 

stress, magnitude of permanent рот! | 

set, and yield stress of surface Meosured 


and sub-surface metal. | residuo! 
sfress 


Fig. 2—Tank torsion bar spring 
diagrams. (A) Favorable residual 
stresses induced. (B) Loss during 
processing. (C) Resulting operat- 
ing stress ranges. 
Surfoce — 
ك‎ 
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pecning 
operation, the vulnerable 
rface became | 


ompr 
1 


ixially. str | 


моюп Dy เท amount Iproxi 


iting one half of the yield stren 
f the steel 

The data as revealed by the disse 
m measurements on the torsion | 
ring specimen are shown in Fig. | 


Ihese data, together with an 


interpr 

lower order of 
reported in Fig The 
Fig from 


Fig. 1 in that they present the data in 


ition of them to a 
curacy, ar 
паргатѕ о! also differ 
rms of tensile and compre ус stress 
omponents in the manner shown in 

[һе construction of dia 
such as Fig. 3 were discussed 
the September 1951 arti le Thes 


separately th marni 


lig. 3 
1115 


show 


гап» 


$; and distribution о! 


ind Compressive stress ompon t 

nding from the surfaces of torsion 

imens to their neutral axes 
diagonal line. N,N.. Fie. (A) 


Phe 


| ents the nominal tensile stre 
mpre \ component МО” 
| the отр! МАТ stress Component 


that resulted from the torsional 


stress ot 55 O00 ps! 


nent is arbitrarily given thi 


lue as the 
Fig. 1 


resultant torsional stri 


l'he point A on the di 
onal N,N. indicates the initial sul 
face yield ( in. the di on ol 

ensil ress component, and th 
oint B indicates the initial sul 
yield tress in thi liri ton of 


tr 
| [('“ จ % 


отроп‹ п! 
(А) е 


points 


і 





ย 


н 


а 
9 





bu 






DUCT ENGINEERING Marcu, | 





Fig. 


3—Diagram showing tensile and com- 


pressive stress components of torsional moments. 


it these points corre spond to the tor 
sional yield stress at A in Fig. 1) 
ind are presumably equal in magni 
fd 
Since the nominal ‘torsional pre 
stress N,N.. exc ded th« yield strength 
of the stecl thi maximum surface 
ss was considerably less than 255, 


000 psi Based on the residual stress 
| incl id 
from shot 


data not 


shown in Fig. 1, 


ing the stress remnant GG’ 


peening, the surf tensile and com 
р! I^ yield stresses were k than 
the nominal ipplied tress by an 
uno nt equal to the total plasti yield 
ing I’G By measurement FO’ 


| ils 73,000 ро! and O'G cquals 
18,000 psi. From these data the ex 

of yielding in the direction of 
oth omponcnt $: tak 1 000 


| 





The yield 
1 nth [ | I t 
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rf ' эт 

Га | 
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traigh 27, f. 
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ly one K \ NU l ( 
h patte 0 i y 1 
125 [DX 1( | Iro 


te | ipon tall \ i са 
ents. Additional di tion mea 
nts of residual torsional 
will be гечи 1 to « iblish the 
e merits of the two method 


Г 


omparison should also be mac 


specimens that have be 10a l 


Shot Peening Residual Stresses 


Approximations of th 


sidual stresses that wer | | 
he shot peening ор га! 
shown in Fig (А) Ih па 
1150 shows the lissipation of most 
h sc Stress vnen ( 
equen ly pr ‘ | 
А$ previo ly CX} (Ret 
ind 3), adequate shot | 1 
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proximating one half of the nominal 
yield stress of the peened metal. The 
nominal yield stress of steel having 
a hardness of Rockwell C-49-50 may 
€ assumed to exceed 200,000 psi, 
trom which the biaxial (compression- 
ompression) peening stress induced 
the torsion bar is assumed to be 
lightly greater than 100,000 psi as 
indicated in Fig. 2(A) by the stress 
отропеп О] ап4 О’М. 

The nominal compressive and ten 
sile stress components at the surface 
of the torsion Б from the prestress 
ing overloads were 225,000 psi; but 
since these stresses were superimposed 
ipon the residual biaxial compressive 
stress induced by shot peening, the 
total nominal stresses for the imme- 
liate purpose are assumed to be the 
ilvebraic sums of the residual and 
ipplied stresses. The combined nomi- 
nal stress in the direction of the com- 
pressive component of the torsional 
theretore 
OT A ON, (2 [' 
is sum excceds the yield 
metal by the amount Y.J’ 
rom this observation that 
in the dire 
of th ompressiv omponent 15 


cdiately lost 


since tn 


{ 


of the peening stress 


Ihe combined nominal stress in the 
tion of the tensile cor 
(№, O' M O'M' 
portion Y,M' 
of th« peening stress remains, but th« 


ter portion N,Y, was lissipated 


In this direction, the 


y plastic yielding 


Tensile Yielding Reduced 


One effect of shot pending on tl 





| { 
ble surface layer was to redu 
istic yielding in the direction of tl 
отропепё Бу the ) 
M' and to in i plas vieldin 
1 4 or ot th comp 
‚ро у the amount N.I’ ] 
no KN vhether he la 2( 
| extensive plast yielding 
luced by this exchange or if the 
n sed fatigu durability (shown 
Fig. 1 p 179, Ref. 4) resulte 
! ror есте 1 e magnitudi 
о! pli ] res t lire 1 ‹ 
1 ymponen 
\ ot f pre 
VO ; о 
i! n | W is in ts 
v tl oken line DEFGG’ in Fig 
(B) ] " 1 +1 + the ] 
ess O"FGG', in the d ) î th 
) ensile compoaent of this dia 
1 len | with O"F GG’ of the 
7510 liag Fig, 1 luding the 
remi GG’ p : 
The residual st DEO" he d 


ponent of Fig. 2(B) is also like the 
diagram Fig. 1, except that it is in- 
verted and no portion of the peening 
stress remains. 


Tensile Component Reduced 


Ihe maximum load that was ap 
plied during the fatigue test stressed 
the torsion bar to a nominal value of 
145,000 psi, as is indicated by the 
diagonal dash line N',N'.. Fig. 2(B). 
Ihe maximum stresses were the alge- 
braic sum of these nominal applied 

resses and the residual stresses, as 
indicated by the broken line K’KH. It 
is seen that the combined effect of 
prestressing by overload and by shot 
peening reduced the tensile component 
of the applied stress by the amount 
N’,K’. The surface tensile component, 
which because of surface weakness 
(Ref. 2) is the direct cause of fatigue 
failures in specimens that are not ade- 
quately prestressed, was thus reduced 
trom 145,000 to approximately 113, 
100 psi. 

The diagram Fig. 2(C) indicates 
he stress range that was applied dur 
ing the fatigue test as modified by 
the residual stresses from the nom 
inal unidirectional range of 20,000 
to 145,000 psi. It is seen that, in ap- 
proximate terms, the surface com 
pressive component D’H ranges from 
4,000 ps: compression to 127,000 psi 
ompression, and that the surface ten 

ile component K'G" ranges from 


| 
113.000 p 


ps1 tension to 12,000 psi 
ompression 

[his method, as used in the pre- 
eding paragraphs for combining the 
iaxial residual compressive stress 
rom shot pcening and the biaxial 
torsional stress from the prestressing 

erload, is an oversimplification that 


lc; t^ err +} 


( he resultant stres 


{ 


or in 
Although these quanti 
rs are undesirable, it is be 

lieved that the diagrams of Fig 


correctly represent the qualitative 


Combining Biaxial Stresses 


A more accurate method for com 
ining such biaxial stresses has been 
leveloped by Mr. Robert Schilling of 
the Research Laboratories Division 
General Motors Corporation. Th 
method, which makes use of the c 
ventional yield ellipse, is being pr 
pared for early public presentation 
The Schilling method will indicate 
that less plastic yielding occurred from 
combining the peening and pre-set 


ting stresses than is shown in Fig 
م‎ 
2(А). It will also indicate that 
T } 1 
рее! resid vas r 
1 he lire on of the ci 






diagram) as well as a greater stress 
in the direction of the tensile con 
ponent (lower part of diagram). Th« 
retaining peening stress components 
were, of course, unequal in magni 


tude else no peening stress would 


have been detected by the dissectio: 
tress analyses 

The net effect of thc Schillin; 
method is expected to be that the 
(harmful) surface tensile stress 
reduced by a greater quantity than 
K K' as is indicated in Fig. 2(C) witl 
orresponding increases in the com 
pressive stresses of the same diagran 
Since this latter increase is in th 
elastic range, it does not affect th 


fatigue strength of the specimen 


Prestressing at High Temperature 


It is probable that the greater part 
of fatigue damage from extensis 
plastic yielding could have 
woided by performing the prestres 
ng operation at an ck vated or high 
temperature 

The production tempering spi 
ification required a minimun 
time at heat of two hours at not les 
than 850 F to produce hardness of 

. 47-51 Rockwell C." 
therefore, prestressing could have 
been performed at a temperatur: 
where the bars were more ductile and 
plastic flow could occur with rela 
tively less fatigue 

This precaution was observed 11 
straightening the bars after heat 
treatment. According to specifications 
the straightening operation was pe: 
formed " from draw heat 
temperature of not less than 600 F 
Even at this temperature, straighter 
ing by applying a bending load co 
be extremely damaging to those hard 
torsion bars, because the process 


aa tate 
Presumably 


duced residual tensile stress on or 
side of the bar and required yieldin 
by direct tension on the opposite sid 
Direct tensile yielding could, an 
probably did, develop 
cracks in bars that required 

sive straightening. 

A number of experimental 
were given a second shot реепи 
ifter pre-setting, which presumab! 
increased surface residual compres: 
stress but it also required addition 
plastic flow. Tests of these doul 
hot peened bars did not show great 

igue life than resulted from a sit 
tle peening prior to pre-setting. | 
one case the double treatment ind 
ited a loss in fatigue strength, whic! 

a relatively common  experien 
with overpeened parts, but it is mor 
probable that the loss in fatig 
defective materia! 


transver 


1 
strength was due to 


than to overpeeninoe 
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Fig. 4—Decarburization and consequent extensive plastic yielding during 
unidirectional fatigue tests caused shear failures in four of five bars. 


Table I—Yield and Fracture of Torsion Bar Specimens 


Decarb. Core 
Torsion Depth, | Hardness, 
Bar RC 


Yield, in. 


10,000 
Cycles 


Cycles |— 
Failure 


5,000 


0.96 
40,000 
25,000 i 0.84 


Processing Variations Reveal Valuable Data 


As a result of numerous experi- 
mental variations in processing of 
military vehicle torsion bars and be- 
cause the effect of each variation was 
measured by many fatigue tests, val- 
uable data bearing on the character- 
istics of torsional failures are avail- 
able. Among these are transverse and 
longitudinal fractures that tend to 
onfuse the observer as to causes of 
fatigue and the remedial measures that 
may be applied. 

The characteristics of fractures that 
developed in five experimental tor- 
sion bars from applying repeated uni- 
lirectional twisting loads ranging 
from 38,000 to 137,000 psi are shown 
in Fig. 4. These bars differed from 
regular production bars in a number 
of details. From the standpoint of 
fracture characteristics, the most im- 
portant differences were that their 
surfaces were in the rough ‘as rolled’ 
ondition presumably in the interest 
of lower cost, and pre-setting was 
mitted presumably as a step in meas- 
iring the value of residual stress in- 
luced by this operation. 
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Bars A, B, C, and E shown in Fig 
4 are seen to have failed by trans- 
verse shear, only bar D failed by ten- 
sion in the manner that would be ex- 
pected. Transverse failures occurred 
in most of the specimens because the 
applied load stressed the bars above 
their yield strengths and extensive 
plastic yielding continued throughout 
each test. 

Although the maximum nominal 
test stresses were somewhat lower than 
were applied to standard production 
bars (such as is shown in Fig. 16 
Ref. 4) their elastic strengths were 
exceeded because their unfinished sur- 
faces were decarburized. The decar- 
burized layers were incapable of sus- 
taining their share of the applied 
loads (Ref. 2), therefore, the stresses 
in the underlying metal were increased 
sufficiently to cause extensive plasti 
creep. The compressive and tensile 
stress components contributed in sub- 
stantially equai amounts :o the plastic 


deformation, therefore, after a suf 


ficient .iumber of stress applications 
the failures resulted from the com 


20,000 
Cycles 


Character 
of Fracture 


Longitudinal 
Defects 


Short Shear 
Short Shear 
Short Shear 
Short and long Tension 
Short Shear 


отро! nts to 

the steel to 

ens are seen 

me manner 

nder shown 

51 article. 

rization and 

neas red in 

n Table I 

ling height of 

Iso records the 

Iding of all bars 

10, of one bar 

after 10,000, and of two bars after 
( 


2 O0 


A punch press, oj 


stroke, was used 


perated at constant 
is the fatigue mz 
chine. Because plastic yielding con- 
tinued throughout the tests the 
applied stress necessarily decreased be 
tween periods of load adjustment 
Since load restorations were 
only after 100, 500 
10.000. 


made 
1000. 5.000 
and 20,000 cycles, the aver- 


age applied stress varied appreciably 
below that of the specified load 
Magnetic particle inspection 
1 , JC 
was applic 1 to each of the five 
| 4 


sion bars prior to tigue testing, re 


fa 
longitudinal seams in all 
| in Table I. In only one 


171 
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D, was the haracter ot 

dominated by thes 
fects. This bar had, in addition to 
several short defects, a 5 in. seam 
the end of the bar. This long 
im acted as a Stress raiser for the 
1 


levelopment of à normal n 


Good Reports Require 


Photographic records of the fatig 


+ | | 


ractures the subject torsion bar 
1рег.ог to those usually found 

itine laboratory reports, but in 
ocasional instances are they 
lequate for diagnostic purposes A 
lected few show sufficient detail to 
lish definitely the point at which 
originated and to identify 

terial defects that caused or con 
tributed to the failure Note, for 
xample the inadequacy of the photo 
‘raph of bar D of Fig i. The t 


: 
elating to this specimen state 


he fracture developed from a longi 
dinal defect. Th point at which 
the fracture originated can be dis 


| 


1 
ned in th« photograph but, becausc 
t which it was taken. n 


the angle a 
lence of the defect is seen 
Similarly located fatigue fr. 
better 
pecimens F and G, Fig. 5 
These bars differed from the bars 


trom the sami auses are 


hown in Fig. 4 in that their surfaces 

had been machined to remove decar 
irized metal and they were also 

otherwise processed to standard spe 


tions, including prestressing. The 


Еу tested at à nominal stress 


Fig. 5— Tensile fatigue fractures from torsional loads 
originated in open seams that acted as stress raisers. 


fatigue fracture, the origin of which 
is indicated in Fig. 4 by a circle. It 
is provable that, as noted in Table I, 
the smaller depth of decarburization 
bar D was responsible for its 
fatigue durability and its rela- 

low plastic settling 


Good Photographs 


ge of 8,500 to 135,500 psi and 
d after 87,000 stress cycles. The 
bar G was tested at a nominal stress 
ange of 22,500 to 150,000 psi and 
ailed after 47,000 stress cycles. 
The excellent photographs of bars 
F and G, Fig. 5, clearly show the 
points of origin of fatigue fractures 
as well as the open seams that served 
as stress raisers to hasten failure. Note 
that the longitudinal planes of th 
seams are discolored by heat-treatment 
and that they are entirely free of char- 
acteristic fatigue marking. In both 
specimens, fractures originate at the 
junction of the longitudinal fissure and 
the outer surfaces of the bars. It is 
iso seen that the fatigue fractures 
idvanced trom their points ) 1 origin 
at angles of approximately 45 deg to 
the axes of the bars, that is, the frac 
tures are normal to the tensile com- 
ponents of clockwise torsional Joads. 
Other details of the fracture sur 
faces are relatively unimportant be 
cause the states of stress in the 
remaining sections were drastically al- 
tered by the advancing fractures. Such 
inimportant features, however, arc 
often found described i det \ 
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no mention made of the importa 

characteristics. In other instances 
clearly defined evidence pointing t 
the fracture origin and to the contril 
uting causes of fracture is interpret 

erroneously. 

The metallurgist’s report on tl 
fatigue fracture of bar I shown in Fis 
6 states that the fracture originat 
in the longitudinal defect that aj 
pears on the lower edge of the fra 
ture. When discovered by magnet 
particle inspection before fatigue tes 
ing, this defect was found to be 3 
in. long. Probably because of pri 
knowledge of the presence of t! 
defect and because evidence of it 
peared in the fracture, th nwa 
ranted conclusion was reached th 
this defect was the origin of fatig 
failure, notwithstanding the well de 
fined nucleus a short distance below 
the opposite surface of the bar. Fror 
the same bar, the section H in Fig 
was removed a short distance froi 
the fracture to show another long 
tudinal seam, this one 2 in. long 


rincipal interest in the fract 
of bar I, Fig. 6, is that: (1) Its poii 
of origin was not influenced by tl 
»resence of at least two major long 
tudinal defects; (2) the fracture w 


by the tensile components o 


caused 1 
counter clockwise torsional loads; ar 
(3) the point of greatest effecti 
stress was approximately 0.35 іп. | 
low the surface of the Баг. Он 
evidence is not available, but it 
probable that a large inclusion « 


1 


similar defect served. to. amplify 


Fig. 6— Tensile fatigue fracture that developed independently 
of major longitudinal defect in opposite side of bar. 
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Extra Hard Torsion Bars 


The fractured specimens L and M 
f Fig. 7, which failed by tension 
rom repeated clockwise twisting 
ads, are also of sub-surface origin 

it their nuclei are not so deep as thc 
ใน ๕ ไอ ด น ร in Fig. 6. No effort seems 

have been made to determine the 
ature of the stress raisers that con- 
ibuted to these failures. But since 

he nuclei were between 0.1 and 0.2 
n. below the surface, where the nom 
nal prestressing stress was 85 to 90 
percent of the nominal surface stress, 
possible damage during prestressing 
should be suspected as well as de- 
fects originally present in the mate 
rial. 

These specimens were made to 
standard specifications except in hard 
ness. They were "apnd at 750 F 

; Rockwell C 54, whereas standard 
кейиш! bars were tempered at 850 
F to Rockwell C 49. These specimens 
were therefore more susceptible to 
damage from plastic yielding during 
prestressing and to early failure from 
this damage than bars tempered to 
greater ductility. 

Because fatigue weakness of sur as to external surfaces, and since these effective agains 
faces increases with brittleness, com internal surfaces cannot be reached vet is operation 
pressive stresses induced by shot peen by peening through hardened highly ffecti against any 
ing and other superficial mechanical stressed machine parts must be as free ery hard steel 
operations become more effective in of internal defects as possible extensive plasti 
increasing fatigue strength as hard prestressing 
ness of the peened steel is increased 


» 


« 


Fig. 8—Type of fixture similar to that used on a punch 
press for applying torsional loads on bar specimens. 
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Deep Prestressing 


Anii 


Since surface weakness, however. js Prestressing by overloading 
relatively just as detrimental to the only mechanical process now 
nternal surfaces of defects such as that is capable of indu 


‘it 


inclusions, voids, seams and cracks residual stresses at dept] ifficient t it 


rue fracture о! 


also originated in 
it in this case the 
that hastened failure 


in thc photograph This 


Si^ ми 


was not only afflicted with 
tudinal seam but a transver 
is also in evidence. Chara 
tigue markings have their 
the junction of the 
the tensile fatigue 
90 and 0 deg 
Like 
specimens 
doubt formed durit rolling 
the bars at the ste TI 
verse defect cou 
was, a result 
heat-treatment 
does not venture an explanation 
The bar was made to standard 
spe ifications 
a se ond shot pe ening 
Additional ре 
ensile fatigue fractures in extra hard torsion bars. Specimens failed ver, have affecte 
torsional loads. These failures originated in various sub-surface defects. because the origin 
ing sub-surfa 


shot 


} 
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Considering the severity of t! 
stress raisers the durability of t! 
specimen was good. It failed aft 
81,400 cycles at nominal stress ran 
ing from 8,500 to 135,500 psi. 
The original report on the specim 
J, Fig. 7, states that the failure is « 
su»-surface origin, but the photogra; 
docs not show details beyond the fa 
that the fracture advanced at a 45 d 
angle to the bar axis and downwa 
from the top. This bar failed aft 
23.600 cycles at the same nomin 
stress range as was applied to the thr 
specimens K, L and М. Its short li 
supports the original statement tt 
failure originated below the surfa 
presumably in a relatively large defe 

























Photographic Details Important 


The photograph Fig. 10, showir 
the fatigue fractured section of one o! 
a group of four torsion springs, 15 5 
sharp in all details that the point of 
fracture origin is clearly seen to be a 
short distance (0.04 in.) below the 
upper surface between two short lon 
gitudinal seams. Crack width was 
confined to the narrow space (0.13 
in.) between the two seams until its 
inward growth on a 45 deg plane 
exceeded the depth of the seams (0.22 
in.) after which it spread in all 
directions. 

This bar was made from X-91: 
steel heat-treated to a hardness in ti 
range of Rockwell C 47-49. Processi: 
included shot peening followed 
prestressing. Examination indicat 
the presence of longitudinal defect 
with nonmetallic inclusions in all bar 
of the group. The bar illustrated was 
fatigue tested by applying unidire 
tional loads at nominal stress ranging 
from zero to 137,000 psi. Failur 
occurred after 30,000 stress applica- 
tions. 





Fig. 9—Resonance type spring testing machine having a set speed of 
1,200 cycles per second. As here shown, the coil spring mounted in the 
head of the machine is under test to determine fatigue life. A special 
fixture for loading bars in torsion can be installed in machine head. 
























Torsional Fatigue Failures Are 
Tensile Failures 


Military vehicle torsion spring fa 
tigue fractures have been discussed at 
considerable length because they show 
that, in spite of inherent planes of 
weakness, torsional fatigue failures 
are caused by and develop normal to 
the tensile component of the applied 
stress 
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Fig. 1—Three-element can- 
tilever beam has a large- 
diameter section made of 
cold rolled steel and a 
small-diameter section of 
aluminum. The latter is, in 
effect, a secondary canti- 
lever beam supported by 
the primary steel beam. 
The combination section 
between the beams necessi- 
tates special computations 
when determining the de- 
flection at the right end. 


Fig. 2—Moment diagram K 
for cantilever beam is ob- 
tained by integrating shear 
diagram J, resulting in 
magnitude of actual bend- 
ing moment at any point. 
If beam were of uniform 
section and material 
throughout, calculation of 
deflection at right end 
would be simple matter of 
taking moment of the mo- 
ment area and substituting 
in basic deflection formula. 
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Moment diagram -K 
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Design of Coupled 
Overhung Shafts 


If the sections of a coupled shaft are made of dissimilar materials and/or 


have different diameters, calculation of critical speeds becomes a complex 


H. C. HESSE 


Valparaiso University 


WHEN VERTICAL SHAFTS ARE DRIVEN 
through speed reducers such as a gear 
motor or output shaft worm gear, the 
problem of designing for critical fre- 
ency is complicated by two factors. 
he first of these arises from the fact 
hat the shaft extension of the geared 
reducer and the shaft it drives are 
isually of different diameters. The 
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procedure. Graphical-mathematical method: described herein simplifies this task. 


second complication results when the 
reducer shaft and driven shaft are 
made of unlike materials that have 
different physical characteristics. Th 
analysis and solution of a problem in 
volving cither of these factors or a 
combination of both, is essential’ 
the same as that of a member of uni 
form diameter. However. allowance 
must be made for the variation in shaft 
size, the change in rate of elasticity 
and the consequent increase or de 






rease in the flexibility of the shaft 
as a whole | 

The article “Critical Speeds of 
Overhung Shafts” (PRODUCT EN 


GINEERING, December, 1950) states 
that the critical frequency of a rotating 
haft can letermined by virtue of 
the relationship between such fre- 


quency and the static deflection for 
weight loads equal to those of the 
rotating masses. The effect of a 
change in flexibility, or a change in 
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Table I—Constants for Shaft Materials 











Wt 
E/10* сга 
29.0 0.284 
28.6 0.286 
30.0 0.320 
26.0 0.318 
16.0 0.314 
10.0 0.098 





Table II—Shaft Data 








variations in the material character 
tics and/or the cross section. can be 
ked by using the so-called con 
jugate beam method of determining 
itic deflections. This method is 
| upon the facet that the deflection 
beam 15 equal to the moment of 
the moment arca of the loading di 
led by the modulus of elasticity and 
plane moment of inertia of th« 


section 


| Cross 


Expressed as a 
mula, deflection, y, in inches 


Мы represents thc 
the area of the moment diagram 
n pound-inches cubed, E is the mod 
ilus of elasticity of the material in 
pounds per square inch, and J is the 
planc moment Of inertia, or second 
moment, of the cross sectional area in 
inches to the fourth power 
Referring to Eq (1), whenever the 


nodulus E, the moment I or both ar 
1 


moment 


variable, it is possible and feasi 
to account for this variation by suit 
able changes in the moment М». Ir 
the method discussed here, the prod 
uct EI is considered constant and the 
moment M,, corresponding to a re 
duction in beam cross section is ar 


f 
I 
] 
1 


1 с 1 
tificially increased by a factor based 


17 





ป ล๊ ง แร เด น น อะ แอ ม น ตะ อ NM | 0.220 0.049 
ไน เจ ะ เจ โย ต ย ์ แอ จ อ ว ว 6 ล о 0.350 0.120 
И, орали 0.500 0.249 
น ๕ จ 4 ง 6 ค อ อ อ จ ง ER 0.680 0.460 
к ль ео МИ 0.890 0.785 
Е, о ны 1.130 1.258 
РА ао ооо СНЫ 1.390 1.918 
EEG ca aR SST ADD 1.680 2.807 
ล ล ณา ฑา 2.000 3.976 
Ва RAUS 2.350 5.477 
Nis tt га | 2.720 7.366 
iE i | 3.560 12.566 
4 1/4. 4.010 ‚ 16.015 
UD ов ee | 4.500 20.129 
the clastic curve of a beam, caused by ipon the ratio of the product EI of 


the two sections. The folowing exam- 


ple illustrates this procedure 


EXAMPLE 1: The cantilever beam in 
Fig. 1 consists of 2-in. dia section F 
made of cold rolled steel; intermediate 
section G, which has a tubular steel 
outer member of 2-in. OD and an 
aluminum core of 1-in. dia; and 1-in. 
dia section H made of aluminum. Dis- 
regarding the weight of the beam it- 
self, what is the deflection at the 


right end? 


SOLUTION: The shear and moment 
diagrams for the beam are shown in 
Fig. 2. The moment diagram K 1s 
obtained by integrating shear diagram 
|, which gives.the magnitude of the 
actual bending moment at any point 
along the beam. The maximum valuc 
is at the support and is equal to 1,800 
lb-in. If the beam were of uniform 


section and material throughout its 
length diameter cold-rolled 
steel, for example—the deflection at 


the right end could be obtained by 
moment of the moment 


| 


substituting in Eq (1) as 
| 


taking the 
irca 1 
follows 
Area of K is 

1.800 x 60/2 54 .000 lb-in 


Moment arm of area K with respect 
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to right end is 

2/3 X 60 — 40 in. 
Moment of moment area is 

54,000 xX 40 = 2.16 X 10° lb-in? 
From Table 1, the modulus E fi 
cold-rolled steel is 29 x 109 and tl 
value of J for a 2-in. shaft from Tal 
II is 0.785. The deflection is then 

2.16 10% 

y = — = }94‹ 

у= 99x 10% 0.785 ^ 0.0999 in 

The smaller the diameter and low 
the elastic modulus throughout s 
tion H, the greater will be the d 
flection at the end. This can be take 
into account by artificially increasin 
the area of the moment diagram 
compensate for the decrease in E ar 
I throughout the length of section H 
Applying this to the three-sectio 
beam under consideration, the fir 
step in solving for the deflection 
to compute the E/ products (usin; 
Tables I and II) for each section 

Sec. F: EI = 29 x 10* x 0 785 

= 22.77 X 10% 
Sec. Н: ЕІ = 10 x 10* x 0.049 
= 0 49 x 10% 


бест. С (steel shaft): EJ = 29 & 10 > 
(0.785 — 0.049) = 21.34 x 108 
Sect. G (total): EJ = (21.34 + 0.49) 10° 


= 21.83 X 10 


The ratios R between the product / 
for sections G and H with respect 
F are: 

Rr 232.77/21.83 1.042 

Ren = 22.77/0.49 = 46.45 
If the areas of the moment diagram 
K under the respective sections ar 
multiplied by the EI ratio for ead 
section, the resulting MR diagram 
will take the form shown in Fig. 3 
This diagram indicates that the area 
ead is actually the moment diagram 
(K in Fig. 2); the area gfhj repre 
sents the artificial increase in th 
moment area in section G to compe: 
sate for the decrease in the produc 
El in that section; and the area £^4 
represents the artificial increase in t! 
moment area in section H to con 
pensate for its decrease in the product 
EI in that section. The moments o! 
these moment diagrams are: 


For area ead: 
1 1,800 Ib-in.; ad = 60 in 
Area of ead is 
1,800 « 60/2 = 54,000 Ib-in.” 
Moment arm of area ead is 
2/3 X 60 = 40 in. 
Moment of area ead is 
54.000 X 40 2.16 X 10 lb-in? 


For area gfd 


gf ~ oh — # = 1,500 (1 042 
— 1.500 = 63.0 


bd 50 in 
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2/3 SU = $ п 
Moment of area efd is 
1 5735 м 33 33 0.053 x 10| 


Á 1,200 (46.45, — 
1,200 (1.042 
54,500 II 


54,500 Xx 40/2 1,090,000 Ib 
Moment arm of area Ёз is 
2,3 X 40 26.67 in 

Moment of area £j4 is 


1,090,000 x 26.t 29.1 X 10° lb-in3 


otal moment of moment area eadkjg/ 


15 


2.16 + 0.053 + 29.1) 10 = 32.31 х 10 


When substituting this last value in 
Eq (1), the El value for section | 
nust be used because the MR values 
for sections G and H have been com 


puted with reference to this product 


| 
| heretore 


[his computation for the deflection 


loes not take into account the w igh 5 


of the different sections of the beam 
which are generally 


necessary when 
the method is used for determining 
the critical frequency of a shaft. In 


such instances, the approach to th 


roblem can be considerably simplified 


i 

โ 
developing suitable equations. for 

he grcat 


majority of applications, 


aving the more detailed analysis for 
se in special applications 

A common type of vertical agitator 
haft construction is shown in Fig. 4 
The shaft A is connected to the lower 
nd of the output shaft S of a vertical 
vorm gear reducer by the rigid two 


1 1 
art flanged ipling, the halves of 





ir 
| 
| 
| T T 
E + 
| | 
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ИПК 
and bolted tegethctr 


1 
Diagram ( in | ПОМ 


poruon ої the assemi iy that 15 De 
low the centerline of the lower re- 
ducer 


h +} 1 
bearing. For the sake of sim 


plicity, it 1s assumed that the diameter 
of the reducer shaft is constant and is 
jual to th liameter Of the outp 

assumed that the 
portion of the agitator shaft A insidi 
the lower half ot the coupling can | 

reated as though its diameter is also 
equal to D. Both of these assum} 
pat 
the rein 


tions are on the side of safety, 


1 
ularly the latter 


because 
forcing effect of the coupling Hang 
ind hub materially decreases the flex 
ibility of the combined shafts. Dia 
gram F in Fig. 5 shows the moment 
diagram for the concentrated load И 
with a modification for the effect of 
the change in the El produ 

ч Diagram G shows 4 similat 
arrangement tor uniform loadin 
epresenting the weight of the lower: 
shaft A. Quantity X re 


< I > 
neth of this shaft 
1 | + 
the analysis that follows, the 


of the shaft 15 





of the agitator shaft only througho 
stance L in Fig. 4 trom the cent 

ot the lower bearing to the cen 

ne of the load his analysis o 

form load disregards the small dif 
ference in weight between the reduce 
put Shai nd th оцагог shat 


sented by the ordinate is WL. Th 
| he moment diagram 15 
1 [ SO that the dia | 


sram arca becom 


> 


WL*.2. The quantity g is the cer 
troidal distan € to wea 4 | 
jual о 2L ) I} ometr of « 
15 theretor 





considered 


m and equivalent to the weight 


C 
k 
i | 
ld \ 
iximum ord \ ۸ 
» ordinat ( 
length ( 


1¢ 1 
( ) ( ) 
j 
M ( 
{ 
Vo 1< ‹ 
uag n G. Fig 
well І 
У โ i ol 
Ih 1× l ( 
len vl 
p / \ 


ศ์ 


Fig. 3—MR diagram for 
cantilever beam is result of 
multiplying the EI ratios 
for the three sections of the 
beam by the respective 
areas of the moment dia- 
gram. Area ead is actually 


moment diagram K shown 
in Fig. 2. 
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Fig. 4—Vertical agitator assembly 
has large-diameter shaft $ of worm 
gear reducer connected to small- 
diameter shaft A by rigid coupling. 


reased by ratio R, becomes RwX/2 
Then 


Rw X X 
np 11 7 > м 
E 
k l К 
lhe area of the moment diagram is 
Y Y 
۸ l - ۸ 1 
j Z ( 
ind akin h ntre 11 
15 X і 0 1 } 
щ X2 
k 
( i 
1 
The omi ined area рё? ip IS t 
fore represented by the expressio 


ind the deflection for the cor 
trated load W is obtained by sul 
stituting Eq (3) in Eq (1) 
W/3) | -- X* (R —!1)] 
El 
and for the uniform load w is 
(2/8) [12 + X*(R — 1)] 


y= - (6 


EI 


where R is obtained from Eq (2) 
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i as — € ——————— а 57 








Fig. 5—Diagram "C" represents portion of agitator assem- 
bly below centerline of lower reducer bearing. "F" is moment 






and El is the elasticity-modulus-sec- 
cond-moment product for the shaft 
of diameter D. 

From the preceding article PROD: 
UCT ENGINEERING, December 1950) 
the critical frequency for a shaft with 
with a concentrated load W is 


№ = 187 4 (7) 


and for a shaft with a uniform load 


Ww 1S 
| (8) 


Nu = 24 q 


he critical frequency of a shaft sub- 
ted to these two systems of loading 


By substituting Eqs (5) and (6) in 
Eqs (7) and (8) and combining the 
ritical frequencies thus found in Eq 
(9), the following expression for op- 
erating frequency is obtained 

V 2 325 X 

EI 
—. 53 - - . (10) 
{ү OF + 0.236) [b 7 X (& - 0I 


But the geducer shaft is supported in 
bearings as illustrated in Fig 4, 
making it necessary to modify the 
critical frequency obtained from Eq 
(10) by a bearing span factor SF from 





diagram for concentrated load W; “G” is for uniform 
load w representing weight of lower (small diameter) shaft. 


‚ L | 
s- grt ы 


where, in Fig. 4, L is the overhang 
ing length and B is the bearing spa 
ing, both expressed in inches 


Sample Calculations 


EXAMPLE 2: A vertical agitato: 
shaft A, similar to that in Fig. 4, of 


3-in. diameter, is rigidly coupled t 


the lower end of the output shaft o! 


a vertical worm gear reducer. Th 
reducer shaft has a diameter of 4 in 
and a bearing span of 15 in. The 


overhang of the 60-lb impeller is 80 


in. and the distance from the center 
line of the lower reducer bearing t 
the lower end of the coupling is 20 ir 


The agitator shaft and the reducer 
shaft are made of material equivalent 


to cold-rolled steel in physical char 
racteristics. The problem is to deter 


mine the permissible operating speed 
of the agitator if the critical frequency 


is to exceed the operating speed | 


at least 30 percent 


SOLUTION: L is 80 in., X is 60 in 
W is 40 lb, D is 4 in. and d is 3 in 
From Table II, I, is 12.566 and J 


T 


is 3.976. From Eq (2) 


29 X 10* X 12.566 


R = 9x10 x 3976 


= 3.16 


Propuct ENGINEERING — Marcu, 1952 


Pi 












From Table II, w is 2 lb per 
J) in r 160 lb 


times 
> ง 
Substituting in 


in 


U 













A 
iv 


\ 40 + 
N = 


712 


bearing 


[he critical frequency must least 


it 


;0 percent of the operating 


V, which thus becomes 


trequency 





654 
1.3 


= U9 ri 


pm 





LE 3 


the m 


The chemi 


xture In 


composi 


| 
+} 


ne im 


EXAMI 


on of which 







peller of Example 2 is operating 
[ ssitates the use of a stainless steel 
npeller and shaft. To achieve an 

economical design, the agitator shaft 
1 is to be made of stainless steel 

ing having a 34-in. OD and a 

n. ID. The problem is to deter 


whether this change 
aftect the 


in design 
seriously critical fre 
SOLUTION: Moment of inertia L, 
for a tubular shaft having the above 
dimensions is equal to the difference 











of the two moments of inertia as 
listed in Table IT 

5.477 2.5 2.670 
able I six | sinless steel a 
8.6x 10% and for . led ste 


10°, so that Eq (2) gives 





DEVELOPMENT 







OF 


TINY 


TRANSISTORS 







le of silver-like germanium prom- 
s to have an effect on electronic 
mponents comparable to the de- 
lopment of the vacuum tube. General 
Electric Corporation's electronic divi- 


n stated that a radio of hearing aid 
ze capable of running indefinitely on 
{ already within 


f batterie 









set o ries 1S 
velopment sight 
Transistors, along with a second 
oduct called diodes, are made of tiny 
llets of germanium smaller than the 
ad of a match Smaller, morc 


ficient, longer-lasting, and cheaper 
to operate, the transistors and diodes 
nay eventually replace all vacuum 
tubes with the exception of high fre- 
juency and 


tubes picture tubes for 
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from the ratio ( 
the two 
0 28 «( 
10 40 3 | 
0.254 


У] | 


TION: Fr 


lhe operating frequency then become 
2 id weigh 
740 x 0 918 -— 
М, = = 523 rpm 
| — 14 
1 “4 
[Ih s resul Ind ites i 
shaft can safely be ed LUSE t ! | 
‘ermi KI г y fren r | 
permissi operating frequency 
3.23 1 
higher than that of slightly small \ 2 
outer diameter. The dt ed weigl 
of a tubular shaft as comp | \ ! 
solid shaft is equal to { 
0 2% . И 
20 , 40 - 54 107 |! | 
0.284 
lhis Г SNOV harper 
"leis : жы cd n | 
Га! ula: shafts can реиси be used ins of ibis d aot comando Tor 
preference to d shafts whe ver $ а. | { 
in | гегегепсе ц — narts ч пеуе! th ncreased weig 1 fle xibilitv o 
the economy resulting from a decrease ,, : | E Fas ibo adhe ad 
in weight more than offsets the in 5 od 8 
creased pound-price cost of tubing of i | 1! 1 | 
і shat | } | 
imilar material 
similar ma il OD ind a ID Co у 
EXAMPLE 4: The « nm 
sition of the igitated mixture requires npares favorably with 
he use of a phosphor bronze el] r n Ex 


which germani prod 
su ible substi es 
Germanium is an v hard 
and brittle al that is overed 
1 DV-T du t in n S citing and Г 
fining Of 211 res AT pro itely 
twenty freight cars of zinc ore : 
required to recover one pound of g 
| 
manium 
Transistors ind diod s require the 
Sal $ 11 tnt 1 
metal in a practically pure sta 
than one part per hundred billion of 
i й S 
some impurities have an observable 
effect. Germanium purified to this 


extent is comparable in cost 1 
but the small amount used in the ele 
tronic components makes the material 
cost low relative to fabrication costs. 
Properties of germanium that make 


to 


ео 





GE Predicts Germanium Will Miniaturize Electronic Components 
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Adjustable 


voltage supply 
to field 

' 

ง ; | ง | 

: —— Shunt wound 
—-— Compound wound | 


Voltage Control of Shunt Motor =-=- Series wound 


| Adjustable Adjustable 
เ | resistance resistance 
' 


Constant 

voltage Shunt 
لام‎ + field 

Armoture 


Resistance Contro! of Shunt Motor 


' eries 
Adjustable aoe 


voltage 
supply 
1 
1 


Torque ond speed (percent of full lood) 


Voltage Control of Series Motor 


(percent of full load) 


' Armoture 
| resistance 
Constant ا‎ } i | | | | | 40 


vo/foge 
supply 
' 


Horsepower 


—— ©) 


60 80 100 120 140 160 180 200 
Resistance Control of Series Motor Current (percent of full load current) 


Adjustable Speed Char acter 1Stics 


Although the distribution of d-c power has virtually voltage, so that it is termed back or 
en | | counter electromotive force. 
ceased, the use of d-c motors is increasing. Ease of speed Back emf is a prominent term 
he relationship 
VuE+1,.R, = KoS+1, 2. 
. . where / applied volrage 
three common d-c motors as their speeds are adjusted. CW LL 


a constant 
= back emf 


armature current 


control is the reason. A review of the performance of the 


i T T i — armature circuit resistance 
THE DISTINGUISHING FEATURES of al uly Of More vital interest. Гре major irmature speed (rpm 
are the commutator and ity of new applications for such motors ๐ field fux 
ed to carry cur ull for adjustable speeds. Iransposing the terms of Eq (1 
1 - : ] LG 
is produced by th nters a magnetic field, a force acts on Еа Ra 
interaction of the magnetic fields set that conductor, tending to drive it in е 


{ 


lings of the rotati When a current-carrying conducto: 


ip by armature current with thos a definite direction. This, briefly, is This is the equation for the spe: 
established by the stationary field the phenomenon of motor action. At of a d-c motor. On the basis of th 
windings. Torque characteristics are the same time, a voltage is generated formula, it can be seen that there ar 
of course of importance to any user in the conductor as it moves through three means by which motor speed 

of motors. But in the case of d the field. The direction of this volt- be adjusted. If a motor is operating 


peed characteristics are usu age is opposite to that of the applied under constant load, its speed can | 
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๑ ๑ ๑ 


Curve Resistonce added in series 
with ormoture 


| 


R-O No resistance added 
R-I, R- 2,R-3 VOR 1 Means of adjusting speeds of d« 
R-4,R-5,R-6 } Value of added resistance | * motors. Motor speed is related to 
м vede, increased as number inc s „= — 
T R-7, R-8,R-9 - three variables — applied voltage, 


\ NS | armature resistance, and field flux. А 
№ ~ , น change in one or more of these three 
| \ factors produces a corresponding 

change in the speed of the motor 


2 Comparison of performance 
* curves of the three main types of 
d-c motors. Note that the speed 
curve for the shunt wound motor is 
substantially flat. It is classified as a 
constant speed device. The speed 
curve for the series wound motor 
shows a great drop in speed with 
added load — it is classified as a 
variable speed device. The speed curve 
for the compound wound motor is not 
as flat as the speed curve for the shunt 
wound motor. But the compound 
wound motor has less drop in speed 
with increase in load compared to 
the speed change for the series motor. 


2 


Speed (percent of full load} 


ง ล ร า า ร า ค ภา ล 7 


| : : IX LG 


Effect of changing the resistance 
| s in the armature circuit оп the 
| speed and torque of the shunt wound 

L ud motor. Readings were taken with rated 
180 voltage on the shunt field. 


rt (d. n0 


40 60 80 100 120 
Torque (percent of full load) 


лл іі 


f it 


їл OEE ¥ 


hanged by varying the field strength, current. Since the flux set up by the load, it is necessary 


4} іч 


the applied voltage or the armature field poles is constant and because series field. The serie 

circuit resistance. speed is proportional (inversely) to — ing of a few turns of heavy condu 
The operating characteristics of a field flux, it might be expected that is wound around the same poles 

l-c motor are determined by the rela- the shunt motor is essentially a con- the shunt field. The flux of the ser 

tive arrangement of the armature and stant speed device. However, in field is proportional to load cu: 

field coils in the electrical circuit. The modern shunt wound motors having and is arranged so as to countera 

variety of circuits possible has resulted low armature resistance and small air changes in armatur: 

in the availability of many different gaps, there is actually an increase in load variations. A d-c machine with 

types of d-c motors. But, in the inte- speed with rising load. This is ex- such a combination of series and sl 

gral horsepower sizes, only three of plained by the fact that when addi fields is known as a st 

these are in common use. The popu- tional load is imposed on the motor, wound motor 

lar types are: (1) shunt wound or the armature current becomes greater The curves in Fig. 2 include the 

tabilized shunt wound; (2) series The additional flux set up by the performance curves for a al shunt 

wound; and, (3) compound wound. armature current opposes thc field flux wound motor. It can be seen that th 





dim Vial Sie in such a way that there is a net de change in speed from no load to f. 
| crease in the flux threading the arma load is small, so that speed regula 

In a shunt wound motor, the field ture coils. This phenomenon is called tion is good. The shunt 
winging is in parallel with the arma- armature reaction classified as a constant speed 
ture coils. Thus, the field current is To insure a drop in speed, or at This means that for any giver 


ndependent of changes in armature least constant speed with increase in voltage, operating speed ren 
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stantially the same Variations 
in load. 

When started at rated voltage, the 
shunt wound motor draws high cur- 
rents. These are objectionable because 
of commutation difficulties as well as 


the drain on the power supply. The: 


ac >| Itc 


fore, reduced voltage starting is recom 
mended. If the supply voltage is not 
adjustable, 2 voltage starting 
can be accomplished by applying full 

tage to the shunt field and adding 
resistance in the armature circuit 

Shunt wound motors are used on 
constant speed applications when a-c 
power is not available, on applications 
requiring a great range of speed con 
rol with good efficiency, and on ap 
plications where the speed-torque char 
must be controlled accurately 
over a great range of speed and torque 
Typical shunt motor driven devices in- 
clude machine tools, fans, blowers and 
centrifugal pumps 


ic teristk 


Speed Control of Shunt Motor 


The speed of a shunt motor can be 
ontrolled by rheostats in 
the armature and ficld circuits. Where 
it is desired to obtain a range of speed 
adjustment that is below the rated 
speed of the motor, armature resistance 
ontrol is employed. If the load re- 
quires a constant torque from the 
motor, the speed of the motor will 
drop as resistance is added in the arma- 


inserting 


Percent rated full load speed 


Readings were token with rated voltage 
on the shunt field 


40 60 80 100 


Percent rated ful 


4. 


< 





Effect of changing armature voltage on the 
speed and torque of the shunt wound motor. 





ture circuit. This can be explained 
by study of the torque formula and the 
speed formula. 


Т = K'el, (3) 
where T = Torque 
K’ = A constant 
*% = Field flux 
\rmature current 
น V — le Ra ч 
апа М) ; = 2 
К ф 


From the torque formula, we see 
that to get constant torque with a con- 
stant field flux, the armature current 
must be constant. Ш the armature 
current is constant, the value of I,R, 
increases as R, increases. We, there- 
fore, see from the speed formula that 
the speed is decreased as the value of 
R, is increased when constant torque 
is maintained. In Fig. 3 is given a 
family of curves illustrating the effect 
of changes in armature circuit resist- 
ance on the speed-torque characteristic 
of the motor. 

A second method of adjusting the 
speed of a shunt wound motor to 
values below rated speed involves the 
control of the voltage impressed on 


the armature. Rated voltage is applied 
to the field circuit. A set of speed- 


rque curves observed with this type 


of control is plotted in Fig. 4 


A comparison of the curves for 
armature resistance control, Fig. 3, 


and the curves for armature voltage 


* Field flur ta constant because rated voltage ta 


1 to the field rcuit 


500 


eed) 
เม 
๐ 
о 


Speed (percent of full lood sp 


+ + 


120 140 160 180 96 
1006 torque 


Readings were taken with constant armature 
resistance and with constant voltage fo the 
armature. Motor must be operated within the 
area of constant hp to prevent overloading | 


20 
Torque (percent of full lood torque at base speed) 
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control, Fig. 4, will show that 
speed regulation 
no load speed — full load speed 
full load speed 


for the armature resistance conto! « 
scheme is much greater {һап {һе sped tr 
regulation for the armature volt tc 
control scheme. This can be explained г: 
as follows: Let us consider the two k 
schemes on the same motor. In ead 
case, rated voltage is applied to С 
shunt field. Let us consider that ез} jt 
scheme is applied to give the sa là 
torque and speed. From the speed 51 
formula, Eq (2), the following speed ci 
relationships for the two schemes Е 
obtained: p 
$ я V supply x la Ra 
on Ke 
Еа ๕ Таз Каз h 
Кф n 
Sare = Speed for armature resistance control d 
Save = Speed for armature voltage contr $ 
These speeds are the same for a part / 
ular torque as previously specified but р 
at no load, the 1,,R,, and I,,R,, be : 
come very small making 
ส V supply ۷ 
— и 7 
, [i 
Thus the no load speed of the motor ] 
with the armature resistance control | f 









Resistance added in series with 
the shunt field 


k-O No resistance odded 
R-2,R-3| Value of odded resistonce 
R-5.R increases as number increases 





80 10 





40 60 


Effect of changing resistance in the shunt field ci: 
cuit on speed and torque of the shunt wound motor 
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greater than the no load speed of the 
motor with armature voltage control. 

Generally, the standard shunt 
wound motor, with armature resistance 
control or with armature voltage con- 
trol, can be operated at rated full load 
torque down to 15 to 20 percent of 
rated full load speed without "over 
loading" the motor. 

The efficiency of adjustable voltage 
control is higher than that of the ad 
justable resistance control. With the 
latter, there is appreciable power dis 
sipated as heat in the rheostats, espe 
cially at the lower speed settings 
However, the equipment needed to 
provide adjustable voltages is costly 


Field Control 


By field resistance control, speeds 
higher than the rated speed of the 
motor can be obtained. This scheme 
uses rated voltage on the armature and 
series resistance in the field circuit 
As the resistance in the field circuit is 
increased, field current and, thus, the 
established field flux become less. If 
the load requires a constant torque 
from the motor, the armature current 
will vary inversely as the field flux 
This can be seen by examining the 
torque formula 


T= К'ф1, (3) 


its new value is. $/r, then the armature 
current must increase to the new value 
of rl, 


T= K'¢/r Xrla = K'¢l. 


The effect of reduced field flux on 
the speed of the motor driving a load 
requiring constant torque will be seen 
by examining the speed formula. The 
original speed is represented by the 
equatıon 


F ts | Ra‏ سے 
Кф‏ | 


If the field flux is decreased such that 
its new value is $/r and the armature 
current increases to a new value of rl, 
(condition for constant torque), the 
new speed is represe nted | by the 
equation 


V—r.R,  r(V— rtl, R, 
Ko/r Ko 


It is, therefore, seen that if the field 
flux is reduced, the speed of a shunt 
wound motor that is driving a load 
requiring a constant torque will in 
crease 

The speed of the standard shunt 
wound motor can generally be in 
increased to two times rated speed of 
the motor by this scheme, provided 
that the maximum allowable speed of 


| 
the armature is not exceeded. If a 














sign motor should be used. 

The curves of Fig 
tionship between speed and torque 
for various values of field. resistance 
It must be remembered that the maxi 
mum permissible horsepower Output 
[ any given motor depends on 


S show the rela 


0 
design and physical proportions and 
must be kept substantially constant 


[he shaded portion of Fig. 5 repre 
sents the area of constant horsepower 
and defines the limits of the allowable 
torque that can be developed at any 
speed setting. А motor operated 
bevond this area is overloaded 
The speed regulation for the vario 

values of field flux are affected by 
nature 1,R, drop 
and the armature reaction. Since the 
ed at constant horse 


н d 
two factors he 


motors are 





a € 1 nee 
power, the | current for all speeds 


will be about constant. Therefore, th 
| 


1,R, drop will be about constant. The 








armature reaction will vary depending 
on the field flux and the degree of 
saturation in parts of the magnet 

ircuit. Since this is a variable, the 


speed regulation will change for vari 


Series Wound Motor 


[he series wound motor ts similar 
in construction to the shunt wound 
motor, except that it has a heavy field 





ti If torque is to be constant and if the speed range of 3 to 1 or more is winding in series w the armatu 
| field flux is to be decreased such that needed with field control, a special d: 1 it | о | ( field 
К е. | 
200 |-— o —t—i гоор X— + - 
| | | T 
| | | | 
| Nd ร อ ร ร 180 لا‎ I—4 - 
| | Curve Resistance added in series with 
ere ot | 
R- ist 
160 bi 0 No resistance added | 1601— x 
ที | R-! | 
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| R- increases as number | | 
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ы Effect of changing resistance in the armature circuit 7 Effect of changing the armature voltage on 
* on the speed and torque of a series wound motor. ๑ the speed and torque of a series wound motor. 
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From the performance curves in Fig 
1, it is apparent that the speed becomes 
langerously high at no load. Ther: 
y that at least some 
portion of the load be coupled posi 
tively to th« 


fore, 1t 15 necessary 


motor at all times to pr 
he 


minimum Joad 
for depends on the maximum 


vent runaway 
alled 
illowable speed of the armatur 

The 
motor is great and the inrush current 
relatively Series motors up to 
15 hp may be line-started su 


larger ratings, reduc 


Starting torque of the series 


low 
essfully 
For ed voltage Or 


irmature resistance control is com 


monly employ: | 


Speed fluctuations between light and 


full load conditions are considerable 
;0 this motor is classed as varying 
peed Its characteristics make thi 
rics wound motor generally $1 ited 
for widely varying loads such a 
hoists, cranes, winches, wheel drives 


(traction motors). and for a 
high inertia loads 


Speed control of a s motor can 


effected by the same means as used 


{ 


for shunt wound machines. For speeds 


low rated, adjustable terminal volt 
rheostats in series with the ar 
а The 
method is a convenient method of con 


trol, since it serves also 


mature are provided resistan 

as a means ot 
limiting current inrush during starting 
ไท traction applications, special type 
ften used. In 


motors ar 


of control circuits ar 


t} 


NESC мо ог mori соп 


nected in series for starting or to ob 
Then, the motors 
to parallel operation 
for the higher range of speeds 

1.1 
| 


Ihe effects of both adjustab 


tain low speeds 


ire switched over 


e volt 
sistance on the 
| ced and torq ie chara 


іре and armature ri 
teristics of the 


wound shown in 


SCTICS notor are 


Figs. 6 and 7 If the 


motor is driving 


1 
series wound 

| 1 
1 юаа requiring con 
motor, the spec 


from the 
if resist 


stant torg 1€ 


1 
will le reas 


| f M 
| 1 r at 1125 Г t A 1 ( 
dutv motor 
e} | 
1 hp ar les 
b) Larger tha | 
General purpose con 


Shunt wound or stabilized shunt w К 


varying-duty 


the armature circuit or if the voltage 
supplied to the armature is decreased. 
This is similar to action in the shunt 
wound motor except the curves for 
the series motor are of the catenary 
variety in contrast to the straight line 
relationships for the shunt wound 
motor 
current 


related 


This is because the armature 
and the field flux are inter 
Actually, for the regions of 
operation where the field structure is 
unsaturated, torqae is proportional to 
the square of the armature current 
Speeds higher than rated can be ob 
the series field 
shunting a low 
resistance across the series winding or 
short some of the turns 


This is seldom done due to the high 


tained by weakening 


This can be done by 


circuiting 


values of speed occurring with light 
loads. Also during transient condi 


tions, such as a high torque pulse rc 
quirement from the motor, all of the 


current will tend to go through thc 
shunt because of its relatively low 


reactancc 
high 


the series field has quite a 
reactance This will tend to 
make the armature current excessively 
high giving commutation troubles 


Compound Wound Motor 


The compound wound motor is 
similar to the stabilized shunt wound 
motor, except that the series field is 
heavier to produce a greater speed 
change load to full load. 
Typical performance curves for this 
type of motor are given in Fig. 2. It 
is seen that the speed regulation for 
this motor is higher than that for the 
shunt wound motor and less than that 
for the wound motor In 
Table I is listed the maximum speed 
regulation to be expected from a com 
pound wound motor 

Since the compound motor has both 
shunt and series fields, it provides a 
ombination of some of the benefits 
offered by the other motors. The com 


from no 


series 


lable I—Speed Regulation of D-C Motors 


Max 


\ ariation 
or 


Ad) stment in Speed ( 


Full field 1? 

Full feld 10 

i | 11 ne 2 
yustabi 

All 25 

All 22 

All 15 
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pound motor has relatively good spee 
regulation at rated load, as does th: 
shunt wound motor, and high startin 
torque with relatively low startin 
current, as does the series wound mo 
tor. Compound wound motors larg: 
than 5 hp are not generally Jin 
started. Reduced voltage or armatur: 
resistance starting control is recom 
mended 

Compound wound motors are ap 
plied where a reasonably constan: 
speed is required and where the loa 
pulsates or heavy overloads are en 
countered. Punch presses, jaw crush 
ers, Compressors, reciprocating pumps 
winding machines, and conveyors are 
driven satisfactorily by compound mo 
tors. 


Speed Regulation 


Speed regulation which is an indi 
cation of the amount of motor speed 
change with varying load, is arrived 
at by the relationship: 


% Speed Regulation 


No Load Speed — Full Load Speed X 100 
Full Load Speed 


Compound wound motors are sc 
lected and used because of their in 
herent speed regulation—no exter- 
nal speed control is used save for 
starting. If the various schemes of 
adjusting the speed of d-c motors ar 
used on the compound wound motor 
the speed regulation becomes poor 
thus giving characteristics unwanted 
оп loads requiring the characteristics 
of a compound wound motor. 

Regulation values listed in Table 1 
arc the maximum variations in speed 
from full load to no load allowable 
under NEMA standards. Readings are 
taken with motor at operating tem 
perature. 

The change in speed of a shunt mo 
tor with increasing load is relatively 
small so that regulation is good. How 
ever, when resistance is added in se 
ries with the armature, regulation is 
affected adversely. This poorer regu 
lation is another disadvantage that a 
companies the use of the armature re 
sistance method of speed control 
Regulation is not as much affected 
when voltage adjustment is employed 

The speed regulation of a series 
motor is basically poor since speed 
varies with changing load. The us 
of speed control systems also affects th 
regulation of this type of motor. How 
ever, the nature of most applications of 
series motors are such that poor regula 
tion is anticipated and provided for 

From the foregoing discussion, it 
can be seen that no one type of motor 
is suitable for all adjustable speed 
applications. Each type has definite 
advantages and limitations. 
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ACCESS DOOR for F-89 Scorpion 
twin-jet interceptor is spotwelded in 
a three-phase machine, Being part of 
the fuselage, and therefore a primary 
structure, door must have rigidity and 
a smooth outer surface to reduce drag. 
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Spotwelding Highly 


O 
Stressed Aluminum 


อ ล อา เก 11 แล. แล “ผา ล ล” 


and Magnesium Assemblies 


А. SCHOELLERMAN AND S. JENKINS 


Northrop Aircraft, Incorporated 


ERE ARE SEVERAL FACTORS the 


Although most aluminum alloys can porosity and 
igner should consider when apply 


I 


spotwelding to the assembly of 
hly stressed parts made of alumi 

or magnesium. These factors 
de, among others, making welded 
s accessible to electrode heads, 
king the ratio of thicknesses for 
materials to be joined, matching 
terent alloys for electrical resistance, 

illowing proper edge distances 
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be spotwelded, there is considerable when hardened 


variation in their welding characteris 
tics. Table I gives ratings for the 
weldability of various al'oy combina- 
tions. Joints made in high-tensile 
alloys like 75S-T and 24S-T have con- 
sistently high strength and exhibit no 
separation between sheets. The chro- 
mium-bearing alloys, such as 61S, 
52S, and 53S, are apt to develop 
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porosity, | 

ration they 

strength, less 

indentation 

terials, such as 

be spotwelded in any 
When dissimilar 


ме joined, thi 
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Table I— Weldability of Aluminum Alloy Combinations 


24STAL, 
75STAL | 24SRTAL| 3S- 15H | 52S- VoH|(EXTR)|53ST 


24STAL, A A 
24SRTAL 

75STAL A A 
17SOAL, C C 
24SOAL 

17STAL, 

17SRTAL 

75ST-EXTR 

24ST, 

24ST-EXTR 

3SH, 

3S- aH 

52SH, 

52S- aH 

535%, 

53ST | 

~ A—Excellent; B 
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Sually 
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nnealed є 3258-€) 
24S-O alloys Howe 
f 24S-O and 75S-O in com 
On the 


A3 and 
|+ 


D«sign Considerations 


Mechanical Pr 
levelops its full trengt 
loads, 
strongest individual spotweld 

essarily produce the 
Rather it 1s a 
v 14 


il jected to shear 
strongest joint 
combination of 
s in a definite pattern or 


spot 


1 
t 
1 


sired results qui 


+ gives the de 
When two or more different alloys 


186 


spotwe Ide 1, the 


is Whe 
lesign yf the 


thin section than is 


75ST, 
17971, 
24ST 


3SH, 52SH, 


A B A A 


A A 
C B 


ms Of equi thickness 


design value is 
based on the lower strength 

thinner sheet If two 
stressed so that the joints are 


i 
1 individual 


t} 
Ln 


spotw elds 


wo or 


rc juired 


more 
of spo weld 
the 
joining 

an 
ten- 
plied to the spot- 


percent of 
this 
1 

used 


on 
A 


appreciable 


combina- 
materials, play an 
part in the weldability of 
n joining sections made 
same alloy, more heat is re- 
to fuse a thick section to a 
needed to weld 


Rati Gage 
well as 


53SW, 
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250, 3S0, 
25- YH 
5250 


С © C 


17SOAL, 
24SOAL 


2SH, 
5350 


С С 
А В 


С 


С 


В 


Th 

differing gages must be joined, 

more economical to use a high res 
ance alloy that is of thin gage wit! 
low resistance alloy that is of thich 
Design values for unequal s 
tions are based on figures for thinn 


sections of equal thickness 


gage 


gages. A lap joint between thick-ga 


3S. which has low electrical resistan 
and thin-gage 24S-T or 75S-T Ald 
which has high resistance is show: 
Fig 1 (A). For two unequal th 
nesses of material, the maximum 

lowable ratio is 3 to 1, Fig. 1 (B 
and for three or more symmetrk 

arranged thicknesses, the тахіп 
allowable ratio is 3 to 1, Fig. 1 (( 
Existing equipment limits total th 
ness of section(s) to about 0.375 

but this figure necessarily must 

keyed to the equipment availabk 

a given job. 


Edge distance. The distance f 
the center of a weld to edge of sl 
is more important in spotwelding t! 
in riveting. 
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Insufficient edge distance 
















Table II —Spot Weld Spacing and Dimensions for Aluminum and Magnesium Assemblies 




















| 
| Minimum Spacing, in. 

Sheet | Min. Edge -- | Electrode Approx. Weld 
Thickness, | Distance, | AI Mg | Clearance, Diameter, 
in. | in. | Alloy Alloy | їп. | in. 

i I 
0.016 | 0.19 | | 0.25 0.09 
0.020 0.19 | 0.38 | 0.25 0.28 | 0.12 
0.025 | 0.22 0.38 + 0.28 0.28 | 0.15 
0.030 | 0.25 0.38 0.30 0.35 0.18 
0.035 | 0.25 0.38 | 0.32 0.35 | 0.21 
0.040 | 0.28 0.44 | 0.35 | 0.35 | 0.24 
0.045 | 0.31 0.47 | 0.38 0.35 0.27 
0.050 0.31 0.50 | 0.41 0.35 | 0.31 
0.060 | 0.34 0.53 | 0.47 0.35 0.33 
0.070 | 0.38 0.60 0.53 0.35 0.35 
0.080 | 0.41 0.69 | 0.61 0.35 0.37 
0.090 | 0.44 | - | 0.67 0.50 0.38 
0.100 | 0.44 0.75 0.50 0.39 
0.120 | 0.50 | | 0.91 0.50 0.39 
0.125 | 0.56 | 0.94 0.50 0.39 
0.157 | 0.62 1.12 0.50 0.39 









Fig. 2—Spacing of welds, 
both as individual spots 
and as rows of s 

is critical if full ‘on 
strength is required. Ta- 
ble II lists dimensions for 
proper spacing. 













ermits pressure and heat to cause 
spitting and extruding of molten 
metal from between the sheets, resuli 


ing in a weak weld and reduced op- 
erating speeds. Excessive edge dis- 
tance allows gaps to form between 
facing surfaces. When two different 
gages are joined, the diameter of the 
spots and edge distance are deter- 

ned by the thicker sheet. 

Spot Spacing. Requirements for 
ot spacing are given in Table II and 
pictorially indicated in Fig. 2. Values 
r minimum spacing are the smallest 












hat will allow full spot strength 
Closer spacing causes “shunting” 







on during welding 


Design Limits for Aluminum Alloys 


Spotwelded aluminum alloys are 
| in the fabrication of primary air- 
structures except when joining 

h parts as: Flanges to shear webs; 
spar caps or shear web flanges to 
g covering; ribs to spars or shear 

5; brackets, hinges, fittings and 
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related items; and at truss panel 


points in spars or ribs. “Stop” rivets 
are used at juncture points of stringers 
or stiffeners with ribs a 
stringers. 

Generally, fittings are not con- 
structed of laminated spotwelded ele- 
ments. No less than two spotwelds 
are required when attaching clips and 
similar devices, because one weld 
might induce torsional failure. If only 
a comparatively few spotwelds are 
used on a design, it is more econom 
cal and efficient to use rivets. 


the ends of 


Roll Spotwelding of Aluminum 
Alloys 


When the reciprocating elements of 
standard spotwelding equipment are 
replaced by a roll carryin,z a series of 
radial electrodes, as many as 300 spots 
per minute can be made in 0.32-in 
material. This method results in a 
500 percent increase in welding speed 

The number of spots that can be 
made without electrode dressing is 


diameter, E-edge distance 


General design procedure for spotwelding stainless steel is the same as that for aluminum alloys. 
Maximum thickness ratio for members joined on primary assemblies is 3 to 1; less edge distance and 
no tack or "stop" rivets are required. 


greatly increased, because a fresh ele 

rodc итасе 1$ ргезегцеа for each 
Spot Elect odes in cleaned iS 
they revolve and the instantaneous 
temperature of the material surface 
thereby reduced In addition, the 
rolling action of the electrodes pre- 
vents separation of the sheets between 
successive welds [1 combinatior 


roll-seam spot welder, Fig. 3, is used 


in the aircraft industry 


Spotwelding Magnesium Alloys 


Magnesium alloys can be 
fully spot- or roll welded in sheet and 
extruded form on equipment 
mally used for welding 
omparable production 


be attained, the ma 


Success 





r 

gnesiun 
faces must be thoroughly cleaned 
Less current is needed to fuse mag 
nesium than aluminum, so that thicker 


magnesium sections can be welded 
(within the limits of available equip- 
ment). 


The edge distance values shown 
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Preferred 


,-Greater thar 
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Fig. 3—Roll seam spot welder used 
for airframe structures is capable 
of joining two  0.125-in. sheets 
of 24ST or 75ST aluminum alloy. 


à on the required 
unount of sp. necessary to obtain 
i consistently good weld in QQ-M- 
14 (FS-1H) magnesium alloy. After 
welding, it is possil le to trim to the 
{ре of a weld without inducing 
subsequent failure. 

satisfactory — non-stru tural welds 
an be made in magnesium when a 
maximum allowable thickness ratio of 
2} to 1 is used. More than two pieces 
can be welded under the following 
conditions: When two thin pieces are 
followed by a thick piece, when a thin 
piece is welded on each side of a thick 
piece (thickness ratio of thick-to-thin 
piece not to exceed 2 to 1), and when 
thicknesses do not vary more than 25 
percent in relation to each other. 
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New Magnetic Robot 






Helmsman to Steer 
Navv Flattops 


TUBELESS VERSION OF the Sperry 
electronic automatic pilot has been 
accepted by the U. S. Navy as the first 
automatic steering system for aircratt 
carriers. A static magnetic field capable 
of withstanding heavy naval service 
was developed to replace electron 
vacuum tubes used to control earlier 
automatic pilots. A “magnetic brain 
anticipates steering motions and can 
hold the ship precisely to straight gyro 
courses despite wind and sea forces 

Without human aid the robot will 
steer prescribed zig zags and follow 
ourse schedules computed by special 
navigation devices. Big use on the 
carriers will be steering the ship ino 
the wind during launching and land 
ing of aircraft, an operation 
requires keeping the wind a precise 


which 


number of degrees off the port bow t 
neutralize the turbulent stream of 
which flows around the ship's island 
Turning to a new course can be 
accomplished in the least possible 
time without overshooting the course 
The robot anticipates the ship's steer- 
ing motions by measuring the rate of 
turn and comparing this rate to the 
ships departure from the desired 
An integrator compensates 
for wind effects and errors in settling 


course 
nto the new course. Deck personnel 
can take over and steer the ship manu- 
aly at any instant by the 
manual steering wheel 
Dev eloped by the , 
scope Company, the first unit will 
installed on the U.S.S. Oriskany 


turning 


Суго 


be 


эре rry 








ABOVE. Control panel dials show 
quartermaster the ship’s course, rudder 
commands, and positions calculated by 
the robot's magnetic “brain” as it auto- 
matically directs the vessel to a new 
course. The brain is located beneath 
the panel. Small ship's wheel is for 
manual steering. Device being held by 
Sperry engineer is portable controller 
that permits steering ship from remote 
points such as the open bridge. 


BELOW. Hydraulic power unit. Oil 
pumped through high pressure lines 
operates hydraulic motor to control 
ship’s rudder movements in response 
to commands of the magnetic brain. 
The motor and other components are 
mounted in the oil to save space. 
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Armed Forces rc 
reaching over 400,000 
men for 1952 may cause personnel 
problems in Enyineering departments. 
Both reservists and dratt elegibles will 
be involved. 

An upward swing will come for the 
lraft calls as spring comes along 
And with the increased draft will ais 
come more calls for inactive reserv 
olncers, since: 

1) The President has already ap 
proved a year-end strength for the 
armed forces of somewhere between 

700,000 and 3,800,000 men 

2) A law passed by Congress last 
year makes it mandatory for the armed 
lease inactive reservists 
months of post Korea duty. 
Release has already started, and the 


peak will be around March. 


forces to 1 


alter 17 


3) Length of service for organized 
reserves is fixed at about 24 months. 
Ihat means a mid-summer release of 
organized reservists. 

4) The Air Force is rapidly ex 
panding from the present 90 wings to 
about 124 this year—143 next year 

Ihe Pentagon is figuring that it 
will require at least 300,000 more men 
in uniform this year. Being married 
won't help get a deferment. Men 
who married after the Korean out 
break are being drafted in some areas 
right now 

Deferments are a liability too. Once 
a draft eligible man is deferred, he 
automatically becomes liable for draft 
at any time up until his thirty-fifth 
birthday. If, by accident, he is nei 
ther deferred nor drafted, his liability 
ceases after age 26. | 

Student deferments are not binding 
The IQ 
tests now being given to college stu 


lents are guides only for the local 


on the draft boards either 


boards. They still have the power 
to draft even the man making the 
highest mark 

R jul nts for re otficers tor 
ill of the services still remain basically 
the same. The services generally want 
only the younger and lower ranking 
officers There are, however, notab! 
exception These generally apply to 
officers who are electronics spe ialists 
aeronautical engineers, stcam power 


plant specialists, etc 
The Air Force is planning a large 


all of inactive reserve officers who 
were combat-crew navigators and bom 
ardiers. They will be sent to compat 
crew training for new bombing wings 


In addition, some 
pilots will also be called. At present, 
about 79 per cent of all officers on 


now being formed 


190 





Armed Forces Personnel Requirements 
May Cause Employment Problem 


active duty in the Air Force are reserve 
oificers. 

The Army will call about 10,000 
reserve officers involuntarily, mostly 
captains and below. No enlisted re 
servists will be called involuntarily as 
individuals, but some units may get 
orders. Three National Guard Divi 
sions will also be called to active duty 
in 1952. 

The Navy's calls will remain slight 
Total among reserve officers this year 
will be several hundred lieutenants 
and below who have had little actıve 
Some reserve units will be 
called, particularly in aviation. — The 
Navy will also follow the Marines 
lead of calling "a number" of reserve 
pilots involuntarily. Total Marin 
Corps in this category wil number 
about 1,000 officers—captains and 
below. Pending expansion approval, 


Pi 
only a slight number of Marine Corps 
| 


service. 


ground officers are expected to be 


illed involuntraily 


Engineer Supply Will Be 
Even Shorter in '52 


Only 28,000 engineering students 
will graduate in 1952 to meet the cur- 
rent demand of from 60,000 to 90,000 
engineers. Figures issued by the U. S. 
Office of Education and American 
Society for Engineering Education in 
dicate that 1952's crop will fall short 
of the "51 yield by 10,000 graduates. 

Graduates who are members of 
ROTC units or eligible for military 
draft will further deplete the supply, 
so that industry will be 40,000 to 
70,000 short of estimated require 
ments at the end of 1952. 

While freshman engineering enroll- 
ment figures are up 16.2 per cent over 
1950, industry will not feel this in- 

rease for four years. Portions of 
this increased enrollment will be lost, 


Fresh Sopho- Juniors Seniors Port Time 
men mores snd 
Evening 





UNDERGRADUATE enrollment in ECPD 
accredited institutions for 1951. 








Propuct 


since a larger number of freshmen ar 
joining ROTC units. 

Graduate enrollments are almost 
three times what they were in 194( 
This fall, 13.1 per cent of all engi 
neering students are taking graduat 
work. 

The May issue of PRODUCT ENGI 
NEERING wil] carry a special sectio: 
on engineering department organiza 
tion and procedures. Included will b: 
feature articles covering recruiting and 
training graduates. 


Lockheed Moves to 
Ease Engineer Shortage 


A PILOT GROUP of 50 men and 
women is being assembled by Lock 
heed Aircraft as engineering drafts 
men to release experienced arronau 
tical engineers for advanced assign 
ments. Requiring no engineering de 
gree, new-hired employees in this 
group will heavy-up much-used blue 
prints, redraw finished prints, pre 
pare bills of materials, and incorporate 
design changes on duplicate prints 

Educational background of the new 
draftsmen vary from high school 
drafting and blueprint courses to som: 
college engineering training. Imme 
diately after hiring, each employee 
receives an instruction course in Lock 
heed drafting techniques. Qualified 
personnel then become eligible for an 
additional four weeks of junior eng 
neer-draftsmen instruction. 

This plan has been coupled with a 
long-range training program for engi 
neers that includes counseling or 
courses for individual professional 
advancement, job rotation, on-the-jol 
training assignments, and joint pa 
ment for extra educational courses 


Materials Engineering 
Course at Michigan 


THE UNIVERSITY OF MICHIGAN has 
announced the establishment of a 
course in the College of Engineering 
leading to the degree of Bachelor of 
Science in Materials Engineering. 

Similar to Metallurgical Enginee: 
ing in some respects, the course re 
quires more advanced work in math 
ematics, stress analysis, machine shop 
machine design, specifications, corro 
sion properties of materials, and fal 
rication operations. Materials studic 
include cements, wood, metals, rubber 
and plastic 5. 

Emphasis will also be placed ot 
finishes and coatings such as paints 
varnishes, lacquers, and enamels. In 
tial enrollment was in February 1952 
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Water in Frit Causes 
Ceramic Coating Defects 


NATIONAL BUREAU OF STANDARDS 
nvestigations have revealed that water 
»esent in the frit is responsible for 
drogen produced defects found in 
porcelain-enameled and ceramic-coated 
steels. Scientists traced the origin of 
the gas that causes blistering and 
reboil" by substituting heavy hydro- 
gen, at one point at a time, in watcr 
vapor in the furnace, water used fer 
milling and suspending the enamel 
slip, water chemically combined in the 
clay for suspending the slip, and water 
in the frit used in the enamel. Heavy 
hydrogen constituted about 53 more 
percent of the total hydrogen recov- 
ered from the specimen with the 
heavied” frit as compared with about 
one percent from the next most impor- 
tant source of gas, the quenching 
water 

Elimination of troublesome defects 
lepends on the development of 
method for preparing water-free frit. 
Two methods have been evolved by 
NBS: drying normally prepared frit 
by vacuum melting, and preparing 
frit from dried materials. The vac- 
uum-melted frit produced the best 
results with no reboiling, lifting. 
or fishscaling. The second method 
proved less successful; some defects 
developed, though not as many as 
with normally prepared frit. 


Mineral Ore-Like Catalysts 
Improve Engine Performance 


SYNTHETICALLY COMPOUNDED CATA- 
LYSTS cast in the cylinder head or 
piston of an internal combustion en 
gine produce more complete combus- 
tion and reduce carbon formation and 
detonation tendency according to data 
developed by Dr. Berkman of the 
Associated Development and Research 
Corporation. 

Natural ores and minerals chosen 
for their catalytic activity are com- 
pounded into a water-and oil-proof 
synthetic ore. Numbering between 16 
and 25, each mineral performs one of 
these functions: catalyst in hydrocar 
bon decomposition, anti-knock agent. 
atalyst in dehydrogenation, catalyst in 
oxidation reaction, and catalyst in car- 
bonium reaction. 

Purpose of the synthetic ore is to 
effect reversibility in reactions and to 
establish essential mobile criteria 
During combustion. oxidation min- 
tals accelerate combustion and make 
it more complete, while anti-oxygens 
prevent spontaneous combustion and 


PRODUCT ENGINEERING — Marcu, 1952 





ARCTIC CONDITIONS are simulated in this 50-below-zero cold room of the Olin 
Industries new Research and Development Laboratory while a heavily clothed tech 
nician uses a pendulum: impact machine. Believed to be the first laboratory designed 
especially for the study of cellophane, polyethlyne, and other film packaging materials, 
it will permit wide research in packaging by using apparatus ranging from the cold 
room to an infra-red spectrophotometer 





detonation. The formation of carbo 
nium ions also acts as a deterrent for 
knocking. Specific hardening, plasti 
cizing, and wetting agents of the min 
eral type are added to enforce greater 
strength and photoluminescent min 
erals contribute activation through the 
emission of electrons 

Major advantage of catalytic com- 
bustion is the increased octane rating 
of gasolines it makes possible. Num- 
bers have been increased as much as 
twenty-five in tests of the develop- 
ment. Researcher Berkman predicts 
that her discovery will permit 10:1 
compression ratios in auto engines 


One Coat Porcelain Enamel 
Finish Developed 


New process for firishing kitchen 
appliances and other porcelain-enam 
eled products has been developed 
jointly by Ferro Corporation and Re 
public Steel Corporation. Single coat 
of titania-opacified enamel is applied 
directly to enameling iron and many 
cold-rolled steels eliminating ground 
coat and necessity of using premium 
steels. 

Advantage of one coat finish in- 
clude increased resistance to heat, 
impact, thermal shock and torsion: 
and easier machining producing clean 





1 


edges after drilling, sh 
ing 

Prime phases in th 
a special pickling process and non- 
galvanic-nickel deposition. After the 
steel has been cleaned and rinsed in 
the usual manner, it is submitted to a 
special pickling process that permits 


ring and saw 


Ww pre ess are 


| | 
{ จ à 
the removal of more tron than con 


ventional sulfuric acid and leaves a 

Nickel 
is deposited on the steel by chemical 
reduction so that no iron goes into 
solution, and the rough surface re 


I5 


rough surface on the metal 


quired for good adherence is main 
tained 

Rinsing of the steel cold water 
is the final step in preparing the 
metal. The one coat finish is applied 
only half as thick as ordinary porcelain 
namel coatings 


Radar Makes Deadeye Pilots 


SMALL AUTOMATIC RADAR 


the guns of jet fight 


to direct 

CTS 15 being pro 
duced on an assembly-line basis by 
General Electric. By feeding informa- 
tion into a computing gunsight the 
device eliminates guesswork by the 
pilot and guarantees a direct hit if the 
flyer keeps the target on the crosshairs 
of the sight. The new radar elimi 
nates pilot's loss of timing due to the 
high speed of modern jet plan 
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THE NEWS IN PICTURES 










FASTEST AND MOST POWERFUL PLANE in transcontinental service is the clain 
Douglas Aircraft makes for the new DC-7. Powered by four Wright compound engines 
capable of developing 13,000 hp, the plane will slash one hour flying time off the 
New York to Los Angeles schedule, with a cruising speed greater than 360 mph 
Energy of exhaust gases is utilized to operate three auxiliary turbines that are geared 
back to the engine crankshaft to provide greater horsepower without additional 
fuel. The DC-7 will carry 60 passengers in deluxe style, or 95 coach passenger: 





FIRST SEAMLESS STEEL TUBING pro 


duced in the United States by the "Ugine 







Sejournet” hot extrusion process 15 






viewed anxiously by employees of Bab- 
cock and Wilcox’s Tubular Products Di 
vision. The French process makes pos 








sible for the first time the extrusion of 
ollow and solid sections of metals that 







are difficult to forge, as well as permitting 






finer and more complicated structures to 






be extruded from easier-to-forge metals 








FIRST MACHINE TOOLS built by Subcontracting 
Cameron Can Machinery Company for the. Gisholt 
Machine Company are delivered as subcontracting is 
started to help break the machine tool bottleneck in 









defense production. Subcontractor builds basic ma- 






chines which are then tooled and tested at Gisholt. 






Special priorities have also been granted to help speed 
tool manufacture 









machine 








AUTOMATIC CORE MAKER for automotive castings boosts pro- 









duction 600 percent. Made by Osborn Manufacturing Company, €— 
the machine blows the core, brings empty core boxes to the blower т 

and removes filled boxes, and extracts the cores from the filled иса 
boxes onto dryer plates. Requires only two operators who can be nd 
trained in minutes. Machine produces 180 cores per hour i 
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WORLD WAR II SURPLUS Colonial Broaching Machine was remodeled 
to cut the 294 teeth in this 6-foot tank turret ring at the Detroit Tank 
Arsenal. 27 cutting strokes of the machine produce gear teeth so accurate 
that no subsequent finishing is required while reducing machining ume from 


дли 


it 


f 


i} hours to 30 minutes. Teeth are broached 11 at a time, and a fixture 
designed by Colonial engineers automatically and accurately indexes the 
ring for cutting the next group of teeth. New method eliminated 7 of the 
machine tools previously required as well as effecting a saving of $400 per day 


ала £25. 4 d 


i 
1 
} 





MORE THAN 1,000 TONS of critically needed scrap turned up when hunters SHATTERING OF A TELEVISION 
incovered 8 switching locomotives idled by diesel replacement in the yards of the TUBE by a swinging steel ball is caught 





м Belt Railway Company. Shutdowns of open hearth furnaces have emphasized the by an Eastman Kodak high speed camera 

1 ritical scrap situation. Biggest problem is encouraging the return of dormant scrap Pictures were taken at a speed of 3,000 

le nd wherever obsolescence, wear, accidents, or damage has forced retirement of frames per second slowing down action 
il products. All kinds of metallic scrap are still urgently needed for intensive study and analysis. 
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Progress Reported in Developing 


Turbo-Prop Airplane Power Plant 


CONTINUED RI develop 
turbo-prop ait 
plane far exceeding the capabilities of 
reciprocating engine planes, and for 
some specific tasks, turbo-jet powered 
planes. This prediction was made by 
William W. Fox of Consolidated 
Vultee before the 20th Annual Meet 
ng of the Institute of the Aeronau 

al Sciences as he presented a 


work 


SEARCH and 


nent will provide a 


prog 
already done 
power plane However 


re port on t? с 


n this type 


complicated design problems 


) 
1 
ner ire 
| 


that must be solved before large scale 
production is possible 
Since the first tur! о-ргор 
was flown in 1 
raft have been built and 
| experimental and 


ita umulating 150 hrs 
fying time. Single engine, twin en 
and four-engine aircraft have 
revealed similar problems that must b 
solved. Most significant lesson learned 
was that engine failure in this typ 
plane lead more disas 
trous situation than with other types 
In a installations 
severe and loss of 
longitudinal control can be encoun 
tered from which there is insufficient 
for recovery when the turbine 


failure within a few hundred 


while ac 


vine 


can to a 
single engine 


drag con litions 


time 


occurs 


Small Design Defects 
Cause Many Air Force 
Accidents 


MANY OF 
ACCIDENT 
Force 
sights іп desigr 
tabulation of d 
wccident since 19 rom} 
onclusion Sidney Berman 
orate of Flight Safety Research 
ton Air Base told 


told the 
that designers and 


THE MECHANIC DEFECT 
Air 


ire du 


| this 
Dire t- 
it Nor 
LAS 


t d 
aeronautical eng 


Force 


ins af d 


their bra 
energy to aircraft 
structure is and which is 
1erodynamically supreme. But at the 
same time, they have neglected details 
of systems, equipment and their instal 
lation 

In reviewing 
five dc found 
be responsible for a majority of 
mechanical-defect losses 

1. Lack of design plan 
talling an inferior typ 


neers were ¢ хрепаи p 


obtain an whose 


airworthy 


Air Force 


sign oversights wer 


194 


feet of the landing sur 
Multi-engine installations have 
the problem of directional and lateral 
control requirements during an engine 
failure that far exceed those required 
for reciprocating engine installations. 
The principal defect in engine con- 
trol systems to date has been the me- 
hanical failure of electrical compo- 
1ents. Manufacturing and mechanical 
techniques will have to be developed 
to provide the type of reliability re- 
quired, and s g and trouble 
pro edures provided so that 


hanics 


я Y 
{аке-ой ог 


[ace. 


rvi cing 


and € lectri 


1 


omplish thc 
tension shafting problems have 
and present shafting i 
not performing well as desired 
Convair believes the solution of this 
problem will materially advance turbo 
prop power plants since buried engine 
installations offer very large perform- 


gains 


n complex 


as 


One problem that is unique for the 
irbo-prop plane is the control of the 
magnitude of approach condition 
Normal operation at idle 
throttle on the low pitch propellor 
stop, used in reciprocating engine in 
entirely unsatisfactory 
for the turbo-prop equipped aircraft. 
Reason for this is the very low pro- 


thrust 


stallations, is 


) control a vital precision part 
Lack of safety thinking in fail- 
ure to provide a safe space for a check- 
list 
3. Lack of understanding of the 
primary concepts in not providing pro- 
tection from jamming of vital controls 
units of the aircraft, as well as loca- 
ting vital equipment in line with the 
plane of rotation of the propellors 
1. Lack of proper functional design 
in manufacturing a propellor reversing 
mechanism which could easily mal- 
function 
Lack of sufficient foresight in 
not designing a fuel tank cap and 
cover which would be operationally 
fool-proof 
Berman recommended that aircraft 
ifacturers. establish a. department 
of safety engineerine to work in close 
with the design engineering 
Such an_ organization 
produce aircraft with built-in 
1 eliminate the necessity of 
lesion changes after an accident has 


He 


бы 
агету 


in 
5 


contact 
lepartment 
wo |] ] 
safety an 
ccurred irged designers to be 
onscious in their work. 


pellor blade angle required to a 
date the required high idle spec 
the turbine. Since the thrust 
airspeed curve for constant blade a 
operation is extremely steep, very 
hanges in thrust occur during a 
ard landing approach resulting 
severe ballooning or floating ter 
in the airplane. 
Fuel flow is the cause of thrust 
ations [ | 
other a«essory load 
affect engine power output for a 
airplane speed. Accommodating | 
AN-F-48 and AN-F-58 fuels ren 
a problem that must be solved 
Assymetrical thrust variations 
ing landing or stall approach 
idle have be 
most annoying problems in the 
of multi-engined 
Symmetrical thrust requir 


sleed 
1C 


due to compressor 
variations 


throttit one ol 


opment turbo- 
craft 
engines to operate at equal valu 
rpm, fuel flow, and propellor 
pitch blade angle. Assymetrical \ 
ations are the result of the ac 
lation of manufacturing toleran 
Most feasible solution to this probl 
appears to be tight tolerances in 
fuel flow control system. 

Even the limited flight tests of t 
type power plane have indicated 
the operation of a turbo-prop airp! 
Is in reality quite simple when all t! 
components function properly. C! 
advantages are simple engine run 
checkout procedures for pilots and t! 
short time required for takeoff 


Platinum Electrode 
Replaces Diaphragm in 
Loudspeaker 


BIG IMPROVEMENTS IN the quality 
sound reproduction are predicted 
the Institute of Inventive Researcl 
a result of a device invented 
Frenchman Siegfried Klein. 

Called the "Ionophone", the in 
tion eliminates the mechanical 
phragm normally used in loudsp 
ers, and replaces it with a platit 
electrode. When heated to a } 
temperature, the electrode produc 
ionic cloud that responds almost 
stantly to changes in the strength 
high frequency electric field. 
cloud expands and contracts to 
duce sound waves and the quid 
sponse enables it to practically е! 
nate distortion 

All sound including 
ranges can be reproduced with 
fidelity and efficiency since el 
energy is translated directly into s 
without a mechanical membrance 


ultra 
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Mica Flakes Made Into 
Sheet For Electrical 
Insulation 





SERAL ELECTR 
inced a process by which min- 
flakes are so treated that a 


is generated to hold the tiny 
ВА | 


ies together! P спо an ¢ 
ns ila оп in à «on:inuous shcet 
Knesses ranging from two-thi 


; to six thousands of an inch 


uniformity of thickness 
the i sence Of voids are rf¢ уро! 
for an insulation that has good 


strength 


Capable of being 


regnated with resins and bonded 
aper, glass, and cloth for greater 
ngth and improved electrical prop 


s, the G E 
in heating devices, molded into 
s tor 
ıine-wrap 
С.Е predi ts that the new mater! 
free the United States from for 


"Micamat'" can bc 


motors and generators, or 


ped on bars and cables 


gn dependence on mica supplies since 
from the mi 

American mines; mica that 
sually inferior for insulating pur- 


ses. Production is 


Micamat can be made 
id in 


planned for 1952 


Dry Coloring— 
A Revolution in Plastics 


ASTIC PRODUCTS PRODUCED in n- 
ited varities of transparent, trans- 
cent, and opa juc colors arc the 


+ 


esult of dry coloring, a process devel 
ped by the plastic industry to me 
demand for new tints and 
Simple and efficient in Operation, the 
process permits the molder to produce 
s own injection molding powder by 
xing a dry colorant 
tal styrene plastic at the time of 


Iding 


with virgin 


Eliminating precolored compounus, 
the new technique has reduced mold- 
" inventories as much as 75 per 
enabled tighter scheduling and 
ontrol, and permitted easier, quicker 
olor changeovers. 
Ihe scope of plastics applications 
$ been broadened by the variety of 
olor effects made possible. Mottled 
nes are produced by dry blending 
major component, and then adding 
minor colors in pellet or granular 
Reduced breakdown of the 
rants during compounding and 
processing improves the appearance of 
rescents and dry phosphorescents 
coloring, now commercially 
and proved, is being used in 
nanufacture of wall tile, radio 


ts, refrigerator components, and 
ng fnxtures. 
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LAYING DOWN ASSAULT FIR! 


Lightweight Army Rifle Increases Firepower 


NEW RIFLES incorporating sel ind 
full-automatic te $ have been 
cloped by the U.S. Army to fıre th 
new T-65 .30 calibre shell, which 


shorter and lighter than present M-1 


ammunition though mantaining th 
same stopping Or wounding pow 
Design details of the new rfl 


are a secret, however, the Army has 
revealed that the weapon is 


Pas Oper 
ated 


ind weighs about eight pound 
hter than the M 


] M pounds lig 
(Garand) 


Rate of full automatic fire is 
rounds per minute, and for brief p 
ods the rifle can deliver assault fire at 
machine gun rates In tests, 10! 





PLASTIC WORKING MODEL of combination gasoline-water separator and filter 
made at the Fort Belvoir model shop helps army engineers iron out kinks before actual 
units are placed in production. 
istics and make design calculations and improvements directly 
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COMING OR GOING, the Continental represents streamlined system. Instruments, levers, and switches are organized betwee 
comfort. A full scale pilot model, it is being studied toward the two front seats. The windshield blends into a non-gla 
future development as a practical five passenger sedan. Engine low-heat-transmitting glass top that is automatically retractal 
performance is secret, but Ford admits it is more powerful than — into leather-covered canopy. Conveniences include telepho: 
anything they are now building, and utilizes "turbo-dyne" high dictaphone, automatic car jacks, warning lights, automatic ho 
compression combustion chamber and “multi-plex” carburetion and rear deck controls. Brakes and steering are power-operat« 


Ford Reveals Styles of the Future in Car Designs 


FORD MOTOR COMPANY ENGINEERS 
ind designers went to work on auto- 
mobile designs for the last half of the 
twenticth century and came up with 
the 3/8 scale models pictured on this 
page Irending toward а super 
treamlining with a minimum of out- 
ide accessories, the models are the 
ist work in luxurious driving and 
nclude comfort devices such as indi- 
idual head rests, telephones, dicta 
phones, teletype machines, radar, easy 
ment panels, and auto 


beg 
fuel 
pos 
cng 
witl 


instru 

ar jacks. One design has a 

stecring wheel so that the car 
from either side 


THE MUROC. Built to see just how low » 
to the ground cars can be styled. Speed- юг 
ometer is on the windshield with fluore- nor 
scent lights indicating speeds. Seats are THE MARLIN. Six passenger zephyr complete with radar scope and super strear inf; 
equipped with individual headrests. Tele- lining. Speedometer is located in the steering wheel for easier reading som 
phone and teletype machine are also in- exp 
cluded. Steering wheel is so pivoted that part 
changing drivers means merely moving THE BOLERO. Two door super streamlined sedan. Styling gasi 
the steering wheel from left to right has not progressed past the exterior, leaving the interior of this 


model empty. Exterior door handles are absent in all models 
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How' Carbon Deposits 
Affect Automobile 
Engine Firing 


i PHOTOGRAPHIC ANSWER to this 
juestion was presented to the Socies 
of Automotive Engineers by Dr. Lloyd 
L. Withrow and Dr. Frederick W 
Bowditch of General Motors Research 
Laboratories during the annual SAI 
onvention. 

Using a high speed camera, they 
produced a photo record of the entire 
engine flame cycle in combustion 
hambers deliberately crusted and 
faked with carbon in a V-8 and two 
single-cylinder laboratory test engines 
Outfitted with transparent quartz 
heads through which photos could b 
taken, the engines were run at low 
speeds under light load conditions, 
similar to city stop-and-go driving 

In normal automotive engine com 
ustion, the air-fuel charge from the 
carburetor is ignited by the spark plug 
and the flame fans evenly across thc 
hamber until the charge is completely 
and smoothly burned—like the sweep 
of a grass fire from one side of a field 
to the other in a high wind. In a 
combustion chamber coated with car 
bon, the flame’s symmetry is distorted 
or conspicuously absent. As a result 
ignition timing is neutralized; the 
spark no longer controls firing of the 
air-fuel charge 

Mechanical octane numbers de 
signed into the combustion chamber 
begin to depreciate. In effect, the air 
fuel charge ignites before it is sup 
posed to, and this subtracts from the 
cngine's efficiency and fuel economy 
with the result that the engine operates 
roughly and detonation occurs 

Photos of carbon-coated combus 
tion chambers show that before the 
normal spark from the spark plug can 
inflame the air-fuel charge, the charge 
sometimes ignites in a galaxy of tiny 
explosions, either from hot carbon 
particles shaken loose in the turbulent 
gases or from hot carbon flakes stick- 
ing to the chamber walls. Although 
these explosions and erratic high pres 
sures rob an engine of efficieacy, they 
are part of a process by which engines 
purge themselves of carbon 
particles cause trouble in transit, but 
they are on their way toward an exit, 
the exhaust manifold 
Particularly significant was photo 
raphic evidence indicating that de 
omposed products of leaded (Ethyl) 
els were not the only cause of auto 
‘nition (engine combustion by other 
cans than the normal spark from 


irkplug). 


( arl on 


A few years back, many car owners 
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a. ` dig 
of Ethyl gasoline at intermittent inter 
vals to burn tl bon out of the 
engine Ihe present data together 


with the known chemical tacts abou 





the behavior of mixtures of carbon and 
Ica compounds indicate that the ead 
salts lett in the engine by the Ethyl 
gasoline are indeed pable of purging 
substantial amounts of carbon trom 
the eng nder so operating con 
tions 

Deposits tormed Бу  non-lea led 
fuels will purge themselves, because of 


traces of chemical substances in the 
air. Entering through the engine au 
intake, these substances not only lower 
burning temperature of carbon but 
also speed chemical reactions between 
carbon deposits and oxygen in the air. 

Another important phase of this 
investigation tracked down so-called 
wild ping". This type of knock 
occurs in some carbon-coated engines 
when a motorist accelerates suddenly 
in traffic Wild ping” is spontane 
ous—not the usual xylophone sc 
quence of ordinary hill climbing or 
steady acceleration knock 

It was observed photographically 
that while a test engine was run at 
idling speed, carbon flakes in the con 
bustion chamber glowed a dull red 
But as soon as the throttle was opened 
the space in the combustion chami 
was filled with glowing particles sin 
ilar to exploding fireworks 


[his ping or kno k followed the 





tJ 
dislodging ot deposit Yarticies Whi 
became hot enough by themselves 


ignite the incoming air-fucl charg 


Before spark inflamation could о 

the chamber was so alive with small 
explosions that photos or thc phenom 
enon resembeled pictures of the Milky 


Way taken by astrono: 

It was pointed out that if carbon 
deposits never purged themselves, the 
combustion chamber of an engine 
would fill up with solic material and 
require mechanical attention But in 
the process of eliminating one prol 
lem, the deposit. removal introduces 


another in the form of autotgnitior 


Ceramic Permanent Magnet 
Replaces Metal With Oxides 


AMSTERDAM—Permanent magnets 
made from a material characterized as 
a ceramic produ t with a specifi 
gravity of about 4.8 have been devel 
oped by the Phillips Research Labora- 
tory in Eindhoven. Differing greatly 
in structure and composition from 
onventional magnet steels, the new 


material is an oxide and is produced 





METALLURGIST GINGERLY MOVES 
ampoule containing radioactive cobalt 
wire over casting. Irradiated in a nuclear 
reactor, the wire is being used by Empire 
Steel Castings, Inc. to inspect steel cast 
ings for defects. Cobalt isotope emits 
powerful beta particles and gamma rays 
capable of penetrating through steel up 
to six inches thick. Photographic Ша 


under the casting records defects 





ike chinaware I g or sintering 
In addition to iron oxi the new 
nag na ıl contains bariun 
| nt n befo 1 ре 1 
nent n s. Neitl illy shor 
kel not ) It 
ta rc 
Called l oxd 
| hard magneti 1£ 
netism 1s not easily destroyed Mag 
netic Hardness is several times great 
in Ferroxdure than in the ial mag 
net steels 
Magneti saturation has beet 
reported very low, but this disadvar 


tage has been overcome by increasing 


the dimensions of the magnet, perpen 
di ilar to the direction of n agnetiza 
tion to increase the number of lines of 
magnetic force As a result, the new 
magnets are made so short that they 
resemble flat disks or pla 

Since it is an oxid | not a metal 
Ferroxdure has a low « tric cond 
tivity, a billion s lower than th 
of iron This is at g advanta whe 
ne mag 15 ex pose 1 to Iternatin 

rent fields, especially of | fr 
juency. Be of the « ma 
netic hardnes Ferroxd | 
suitable for use whe exposed ti 


strong demagnetizing fields 
Phillips is alrcady using the cerami 
magnets in their own radio 


lou ispeak ers 
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RESULT: 


pem send today for your copy of Silastic Facts No 
containing new data on the properties, performonce 


ond applications for all Silastic stocks 
РР 


DOW CORNING CORPORATION 
Midland, Michigon Dept. R-15 


Nome 


Stop Ignition Cables from Burning Out! 


This natural gas collector pumping station was out of service at least 

one day out of every 30, causing a costly loss in gas production 

Heat from the gas burning motor charred and cracked the organic rubber 
insulation on the ignition wires. Leakage of the high voltage spark led to 
misfiring and failure of the motor. Added to the loss in gas production 
was the continuous replacement cost of the ignition cables. 


SOLUTION: 


SILASTIC*, the Dow Corning Silicone 
rubber. 


Ignition cables insulated with Silastic were installed 
because this Silicone rubber will withstand 

long exposure to temperatures 

ranging from —100° to over 500°F. 


No Ignition Cable Burn-outs in 2 Years. 


The Silastic cables have been in use for 2 years; will probably last the life 
of the motor. That means reduced maintenance costs, 


yninterrupted performance and full capacity gas production. 


Silastic has high thermal conductivity and excellent dielectric properties over 
a wide range of frequencies. Silastic remains soft and pliable in sub-zero 
temperatures, and resilient after long contact with hot oil at temperatures 
in the range of 400°F. That's why design and production engineers specify 
Silastic for hundreds of applications where other resilient materials are 


subject to rapid failure. 


"TM REG US. PAT. OFF 


TN 


DOW CORNING WEELLAL 
DOW CORNING CORPORATION WINN с... 


Cleveland 
MIDLAND, MICHIGAN Dalles 


Los Angeles 


In Canada: Fiberglos Conada Ltd., Toronto New York 
Great Britain: Midland Silicones Ltd., London Washington, D. C 
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Reaction Forces on Bevel Gear Drives 


PAUL F. HORBATT 


REFERENCE BOOK SHEET 


Formerly with Research Division, 


IN DESIGNING BEVEL GEAR DRIVES, it is relatively simple to 
calculate the tangential load on the gear teeth. However, 
determining the magnitude and direction of the reaction 
components which act axially and radially is much more 
difficult. This problem can be complex since there are 
several variables. Reaction components are a function of 
the pressure angle of the teeth, the direction of rotation, 
whether the gear is the driver or driven one, the pitch 
cone angle y and the spiral or helix angle y. 

The size of bearings necessary to properly support the 
gears are dependent upon these reaction forces. With 
straight bevel gears, the normal tooth loads can be resolved 
into axial and radial forces which tend to separate the 
mating gears. However with spiral bevel gears, larger 
spiral angles may cause components which tend to move 
the gears together. 

Two charts have been p to help the designer 
calculate the direction and magnitude of the load com- 
ponents: F, and F,. Fig. 2 applies to gears having a pitch 
cone angle y between 0 and 45 deg. With ,—0 the pitch 
surface is a cylinder. Consequently this curve applies to 
helical gears unless the helix angle y is zero (and H — 0) 
which becomes a spur gear as illustrated. Fig. 3 is for 
bevel gears with pitch angles , in the range of 45 to 90 
deg. In the latter case, the gear becomes a face or crown 
gear. Both of these graphs are based on a gear tooth 
pressure angle ¢ = 20 deg. To compute the axial and 
radial reaction components, the following equations are 
used: 

Axial component РА, = К. ХТ (1) 
Radial component F, = K, X W (2) 
Where, W' is the tangential force acting on the teeth; 
factors K, and K, are found in either Figs. 2 or 3. Note 
that these factors are plotted as a function of a helix 
parameter H. This parameter combines all the variables 
as follows: 
H=CDLy (3) 
where, 
Helix angle coefficient, C = +1 when helix is right hand 
C = —1 when helix is left hand 


Directional Coefficient, D = +1 for clockwise rotation viewed 
from apex. 
D 


z —] for counter-clockwise rotation 
Loading Coefficient, L = +1 when driving 
L = —1 when driven 
Helix or spiral angle ¢ in degrees 


t convenience, the positive direction of the coefficients 
illustrated on both graphs 
For more precise values of the factor K,: 
tan $ sin 
Е. = Sy 


E c + tan y cos y (4) 
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Wright Aeronautical Corporation 


Rotation 


=. 


4= -------------- ---- 
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у =25* \ 

| Left hand helix 


FIG. | 


The (+) sign is found from the sigu of H in Eq (3) 
To calculate the radial factor, 


tan cos 
у елед 


+ tan y sin y (5) 

cos y 
For any particular case, the sign used for second term in 
Eq (5) 15 opposite to the one used in the corresponding 


term of Eq (4). 
Example: Find the reaction forces acting on the gear shown 
in Fig. 1. This gear is being driven with a tangential 
force W of 200 lb. at point A. 
From Eq. (3), the nelix parameter is 
H = (—1) X (+1) X (—1) X (25) = 4235 
Referring to Fig. z, Line I indicates that K, = + 0.11 
and Line II shows that Ka = + 0.60. 
Thus the components become: 
F. = +0.60 x 200 = +120 |b 
F, = +011 200 = 22 Ib 
In addition, there is the tangential force a 


ting perpendicu- 
lar to the plane of the paper 


If in this exampie, the helix angle y were changed to a 
right hand direction. the sign of H would become negative 
From Fig. 2 (Line III) the axial factor would be also 
negative. Thus the axial component would tend to force the 


mating gears closer into mesh 
(Continued on page 201) 
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@ Many of America’s leading manufacturers, 
producing a wide variety of products, are 
benefiting from Auto-Lite die cast research, 
experience and advancement. Such devel- 
opments as high pressure casting, special 
alloying practices and improved quality 
through the “controlled metals process” 
make Auto-Lite the logical source of supply 
for precision die castings. Address 
inquiries to 


THE ELECTRIC AUTO-LITE COMPANY 
Die Casting Division 
Woodstock, Illinois 
Lockland Division, Cincinnati 15, Ohio 
600 So. Michigan Ave 723 New Center Bidg 


Chicago 5, Illinois Detroit 2, Michigan 
Tune in ‘Suspense CBS Radio Monday....CBS Television Tues 


DIE CASTINGS * WIRE & CABLE 
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Reaction Forces on Bevel Gear Drives (continued) 
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ARMCO 17-7 PH 


for lightweight | 


formed structurals 


Here is a stainless steel that bas the 


MECHANICAL PROPERTIES 
of Armco 17-7 PH Compared With Type 301 


ARMCO 17-7 PH SOFT TEMPER TYPE 301 


Fabricator 
As Supplied Trected 
(Annealed) — (1400 F plus | Half Hard 
950 F) 


Ultimate Tensile Strength, 130,000 typ. — 215,000 typ. 
Psi 150,000 max. 185,000 min 
Yield Strength in Tension, 40,000 typ. 200,000 typ 
Psi (0.2% offset) _ 55,000 тах. 165,000 тіп 

۳ E 30 typ. 9 typical 
20 min. 6 minimum 

B92 max. (45 typ. 

B85 typ. (41 min. 
29,000,000 — 29,000,000 


Full Hard 
150,000 min. 185,000 min 
110,000 min. 140,006 min. 


Elongation in 2 in., % 15-18 min. 8-9 min. 


Hardness, Rockwell (-32 (-41 


Modulus of Elas. Long. 


Density, Lbs. per cu. in. 
at 70 F. 0.282 0.278 | 0.29 


28,000,000 28,000,000 


Typical Short-Time High-Temperature Properties 
of Armco 17-7 PH, Soft Temper Fabricator-Treated (1400 F plus 950 F) 


Ultimate 0.2 Per Cen! 
Temp. Tensile Yield 
Degrees Strength Strength 
F Psi Psi 


70 206,500 184,500 
300 194,500 174,000 
400 189,000 167,000 
$00 180,000 154,000 

171,000 141,500 
800 153,000 116,500 


Rockwell 
Hardness 


Elongation 
in 2 in. 
Per Cent 


STRENGTH-WEIGHT RATIOS 


for Armco 17-7 PH Soft Temper 
Fabricator-Treated (1400 F plus 950 F) 
Ratios Obtained by Dividing Property 
at Indicated Temperature by Density 
"P | 70 F 300 6 600F 800 F 
Ultimate Tensile Strength, Typical 775 700 615 550 
Psi (X 1,000) Minimum 665 — — — 
Yield Strength in Tension, Typical 720 626 510 419 
Psi (X 1,000) Minimum 593 — — Е 
(0.2% offset) е 
100 Hr Stress—Rupture 583 446 
Strength, Psi (X 1,000) 
Creep Strength, Psi (X 1,000) 
__ (0.1% іп 1,000 №) 
Modulus of Elasticity, Psi 
(X 1,000,000) 


Strength Property 


best combination of qualities required 
for lightweight formed structurals. 


High Strength-Weight Ratios 


At Normal Temperatures: 
Strength-weight ratios of Armco 
17-7 PH Soft Temper (after harden- 
ing) are superior in some instances 
to the newly introduced non-ferrous 
light alloys. 

At Elevated Temperatures: 

Up to 800 degrees F Armco 17-7 PH 
maintains high strength and im- 
proves its strength-weight ratios in 
comparison with the non-ferrous 
metals, which weaken rapidly above 
300 degrees Е. 


Easily Fabricated 


Armco 17-7 PH is supplied in the 
annealed condition suitable for in- 
tricate drawing and forming opera- 
tions. It is heat treated after working 
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by the fabricator. Its high strength is 
developed through a precipitation- 
hardening treatment at temperatures 
of 1400 and 950 degrees F — low 
enough to avoid serious distortion. 
On the other hand, High Strength 
Type 301, the standard stainless 
structural grade, is supplied in a 
highly work-hardened condition. 
Fabrication is difficult and results are 
often non-uniform. 


Other Advantages 

Armco 17-7 PH Soft Temper, after 
hardening, has a yield strength in 
compression as good or better than 


the yield strength in tension. It has 
good high-temperature tensile, creep 
and stress-rupture properties, as well 
as excellent corrosion resistance. 


How Supplied 


Armco 17-7 PH Soft Temper is sup- 
plied in sheets, strip, plates, angles, 
special shapes, bars and wire. 


Other PH Grades 


There is also a “Hard Temper” 
Armco 17-7 PH and a bar grade, 
Armco 17-4 PH. For full information 
write for data on Armco Precipita- 
tion-Hardening Stainless Steels. 


<) 


ARMCO STEEL CORPORATION У 


2022 Curtis Street, Middletown, Ohio . 


Plants and Sales Offices 
from Coast to Coast. Export: The Armco International Corporation 


MORE SCRAP MEANS MORE STEEL - 


W 


แน IN TODAY 
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Reaction Forces on Bevel Gear Drives (continued) 
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The model 0740 at 1250 rpm gives 3.5 cfm at 20 in. vacuum The model 3040 has a capacity of 24 chm at 20 in. vacu 


Rotary Aur Pump Requires No Lubrication 
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Self-Priming 
Pump Capacities 


to 800 Gpm 


A new line of self-priming. motor 
pumps has been designe 
ing applications under suction ИН 


where the presence of air or vapor 


nakes it impractical! to use the con 

$ | + | 1: 13 1 } 

ventional centrifugal pumps The 

imps may bc used in process al 
| | 


bulk station applications tor min 


lrainage, bilge pumping, sump drait 
ing and irrigation servic 


Conventional centrifugal pumps 
that are unable to eliminate appreci 
ible volumes of air or vapor wh 
operating under suction lift, los 


prime when such vapor 15 present 
lo reestablish prime, it becomes neces 
sary to fill the suction line a 

before starting. The new sel 


motorpump overcomes this lisadvat 


tage by means of recirculating liquid 
trapped in the casing. The pump 


impeller discharges through two pass 


wes into a discharge chamber. Dur 


ng priming the upper passage dis 
harges a mixture of vapor and liquid 
into the discharge chamber. Here the 
vapor separates from the liquid and 
passes out the discharge pipi The 
remaining liquid reenters the impeller 


through the lower passage to mix with 
more vapor drawn in from the suction 
pipe and 15 separated from the liquid 
in the same manner. When the su 

tion pipe is finally filled with liquid 
ind the pump is primed, flow through 
the lower passage reverses and both 
passages act as normal pump dis 
charges. During normal pump op 
tion there are no recirculation losses 
ind thus no need of valves to cut off 
recirculation. No flap valve is used 
because the pump casing is so propor 
tioned that sufficient liquid is tr ipped 
on shut down to insure priming when 


the unit is re-started | 
The pump is built in sizes from 3 
› 25 Нр. with capacities up to 800 
rpm and a head up to 180 f 
H-Raud ( D CAN 
B 4 N ) i \. } 
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THE STUFFING BOX mav be equipped with mechanical seal 
except on KRVSP nits which are available with mec 


r4 OAIN 


ical seals, on clean liquid service, fluid for the seal chamber is pr 
For dirty liquids, an external grease seal is i 


motor shaft. These units range in size from 17 14} x 8} iı 
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CONSTRIU€« PRIMING 


TION recirculates the liquid vapor mix 
ture during the priming period until the 
impeller chamber is filled with the liquid 
self-primers 

centrifugal 


chamber throug 
charge chamber 
conve rted 
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COMPONENTS—MATERIALS 
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Electron Microscope Has High Magnification 


The screen magnification of this new electron microscope 
is continuous from 1,000X to 60,000X, and the instrument 
is capable of producing micrograms of 30 Angstroms 
resolution or better. Accelerating potentials of 40, 60, 
80 and 100 kilovolts ase available. The microscope has a 
beam oscillator for rapid determination of exact focus, 
eliminating the necessity for a series of exposures. A 
through focal series is obtained by means of an additional 
fine focus control 

The microscope has a short column, which minimizes the 
effects of vibration, and permits high enlargement because 
of good lens design. A short focal length projector lens 
minimizes spherical aberration, while image size is con 
trolled by an intermediate lens system. The large bore 
objective pole piece also helps to reduce spherical abbera- 
tion and aids in the centering of the objective aperature. 
Electromagnetic beam alignment system is operated by 
fingertip controls. 

The unit has large field, and permits recording in a 
single photograph, areas which might otherwise require 
a mosiac of six individual sections. A roll film camera 
is emploved. using standard 35 mm high contrast film, 
and allowing grain-free enlargements to 12X or better. 

The microscope has a retractable breech-type gun assem- 
bly which uses a preset filament. The console has all 
normal controls readily accessible. It is entirely self-con- 
tained. has no external pumps and no liquid air traps. It 
measures 5 ft in length, 4 ft in height, and 3 ft in depth. 
Approximate total weight uncrated is 1,200 Ib. No special 
mounting precautions are necessary due to special features 
of design which minimize the effects of ordinary vibration 

The unit requires three-phase, 4-wire a-c 220/380 v, 
60 cycle supply, with neutral wire and the usual equip 


ment ground lead. Line voltage variations of 5 percent are 
permissible. The power consumption is 23 to 3 kva. Con- 
version transformers are available for 230 v delta or 
120/208 v star systems. 

Cooling water of approximately 60 F and flowing at a 
rate of two quarts per minute at 15 to 20 Ib psi is required. 
Provision must be made for handling discharge water. 


North American Phillips Co., Inc., 
750 S. Fulton Ave., Mt. Vernon, N. Y. 


Instant Reverse on Torque Converter 


The latest Zero-Max variable speed torque converter, 
known as the model 142XR, has variable speed from 0 
to } input speed in either direction. The speed and re- 
verse controls are separate levers and the transmission can 
he reversed at any time, with or without load on the output 
shaft. The reverse lever moves through neutral, and in 
this position the output shaft is free and can be manually 
rotated in either direction. The speed control and direc- 
tion contro! levers operate in the same plane. 

The model 142XR is rated at 4 hp at 350 rpm with 
1.725 rpm motor input speed. The output speed is in- 
finitely variable from O to maximum $ input speed in 
either direction. The load rating is 20 in.-pounds. The 
unit weighs 6 Ib, and the dimensions, excluding shafts, 
are 6 in. x 34 in. x 5} inches. 

Suggested uses are for: turntables, feeders, conveyors 
and all kinds of laboratory, medical and industrial equip- 
ment and practically any appl hange of both 
direction | |l Several other. models 
are available. either with or without re 15 and 
20 in.-lb ratings. Special direction, mounting, arrange- 
ments, and other special 
Other uses for the smaller models include: fans, auto- 


tion where 
ind speed are requir 


verse in 


constructions can be supplied 


m 
t 


matic washers, stoker blowers, mixers, blueprint machines 
and small machine tools. 


Revco Inc., 2 E. Franklin Ave., Minneapolis 4, Minn 
CONTINUED ON PAGE 208 
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How would YOU solve these two problems? 


VISCOSITY CONTROL is important to Fuller Brush manufacture. Special 
sealing compound makes their handles stay put. It's applied by expen- 
sive equipment. If the equipment is started before the compound is fluid, 
the automatic machinery will be severely damaged. Now a low-cost 
Fenwal THERMOSWITCH thermostat prevents damage by starting the 
motor only when viscosity is right. 


A FENWAL THERMOSWITCH CONTROL may solve your problem, 
too. Its external single-metal shell expands or contracts instantly with 
temperature changes, making or breaking enclosed electrical contacts. 
Compact, hermetically sealed, highly resistant to shock and vibration, 
Fenwal THERMOSWITCH units have solved hundreds of problems. 


SPOILAGE FROM OVER-HEATING would prove costly to egg pro- 
ducers if water in Paden’s Whirl-A-Way egg washer got too hot. Ac- 
curate temperature control, under extreme moisture conditions, was colled 
for. Only a temperature-sensitive, adjustable, moisture-proofed Fenwal 
THERMOSWITCH thermostat installati 
reasonable cost. 


on met a the requirements at 


SEND FOR THIS NEW CATALOG for complete explanation of the 
unique THERMOSWITCH unit. Also ask for more detailed, illustrated dis- 
cussions of the problems above. Fenwal engineers will be glad to help 
you solve your temperature control problems involving heat, humidity 
vapor level, radiant heat, pressure and other variables 
Incorporated, Temperature Control 
Ashland, Mass. 


Write Fenwal, 
Engineers, 23 Pleasont Street, 


THERMOSWITCH 


Electrical Temperature Control and Detection Devices 


SENSITIVE...but only to heat 
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yponerators 
many ty} 5 
physically and el 
ible with system | r manufac- 
turcrs 

This standard d- system, 
lesignated GC 34-1 designed to 


continuously control and protect gen 


erators under rugged altitude and 
temperature conditions. This system is 
ffective at barometri pressures rang 
ing from inches of mercury down 
to 5.5 inch approximating a 50,000 
ft altitude), temperature ranges from 
i relative humidity 
ехроѕиг о а 
borne sand and dust part salt- 
laden moistut ingi, and aircraft 
\ ibration 
Ihe system offers protection against 


| 
с 


tv overvo'tay есаег ground 
fault, generator 

' 1 

polarity 


lown 


1 
erates with the panel and makes up 
the complete generator control system 
if resetting iting the ent system in one arc an aircraft engine-driven generator, 
| manual or remote setting not he system has minimum vul main contactor, two 250 millivolt 
Ihe unit is mounted on a panelized — nerability b mbat damage, as it shunts, and generator switch 


unting tray that can be easily її in be pr ted by armor plat lack & Heintz. th 


led and serviced Only on N Other air ift. cquipment. that | 7600 B» land 1. Ohi 


Flexible Coupling Has Increased Torque Range 


LOrqu« 
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QUAKER RUBBER PACKING 


GIVES LONG, CONTINUOUS SERVICE... FREE FROM HIGH REPLACEMENT COSTS 


ก ซั ร fik 


Gasket “blow out" trouble used to run high on this ment. Let an experienced Quaker representative 
high pressure creosoting cylinder. Working contin- show you how you can cut down-time, boost produc- 
uously against 212° F. temperature and 200 lb. pres- tion by making Quaker "Production-eered 
sure, cylinder door gaskets had to be replaced about 
every three weeks This meant down-time, lost pro- 
duction, soaring costs 


packing 
in integral 


part of original equipment 


« . . 
Production-eering—Every Quaker In 
dustrial Rubber Product is “Production 


eered"—engineered to provide maxir 


Quaker "Production-eered" packing solved this 
knotty problem. Tough, resilient, built to stand up and 
take a beating, Quaker gaskets outlast previous gas- life, efficiency and production on eac 
kets by 50 to 1! This creosoting cylinder is now a of installation. Quaker "Productior 
model oí efficiency are ready to recommend the right 

product for the job. For timely production 
tips get the new free booklet on “Produc 


tion-eering for Industry." Write today 


Get This Book à 


QUAKER RUBBER CORPORATION 


DIVISION OF H. K. PORTER COMPANY, INC. 
PHILADELPHIA 24, PA. * BRANCHES IN PRINCIPAL CITIES 


Just one more example of how Quaker “Production- 
eering" is boosting efficiency of all types oí equip- 




















NEW COMPONENTS-—MATERIALS AND PARTS continued 














Miniaturized High Voltage Power Unit 


A new low-cost, regulated high-voltage d-c power 
нору unit for use with cathode ray and Geiger counter 
tubes is a miniaturized unit that is light in weight, operates 
at temperatures from minus 30 C to 80 C and can be 
iud to airborne and radar equipment. 

Input is 315 v d-c, 50 miliamp; output is 18 kv 4-с, 
150 microamp maximum, Taps may be provided at lower 
voltages to supply intermediate accelerating anodes. The 
а< ripple averages 1 percent. The unit is built to withstand 
21 kv at 50 percent humidity. 

Four electronic tubes are used; one 5763 RF oscillator, 
one 6AQ5 regulator, and two 1B3GT high voltage recti- 
fiers. Unit is housed in a metal case and is shielded for 
RF radiation. Leads are brought out to facilitate connec- 
tions to cathode ray or Geiger Counter tube and to low 
voltage power supply. 

A Ferroxcube core is used in the high voltage trans- 
former to obtain high efficiency and compactness. Dimen- 
sions of the power supply are: 6 in. wide, 51 in. high, 
3) in. deep, and weight 23 pounds. 

































North American Phillips Co., Inc., 
750 S. Fulton Ave., Mt. Vernon, N. Y. 











Special Gage Checks Compressor Housings 


A special Air-O-Limit gaging fixture has been designed 
for checking the bores of sese compressor hous- 
ings made of deep drawn sheet steel. They have an aver- 
age internal diameter tolerance of 0.002 inch, and a maxi- 
mum out-of-round tolerance of 0.015 inch. The gage 
checks the housing bore for average diameter at several 
points along the entire length of the internal wall. 

The gage has a ball bushing slide on which the housing 
is located from its outside diameter. This slide is also used 
to move the housing on and off the gaging plug. The 
gaging plug has six cartridge-type gaging nozzles that feed 
from one gaging unit. The amount of air that escapes from 
these nozzles combines to give an average diameter reading 
on the indicating meter. The dial on the side shows line 
pressure. The indicating meter is calibrated with full 


| 
scale of 0.016 inch 





Pratt x Whitney, Niles-Bement-Pond Co., Dit 
West Hartford 1, Conn. e 








New Compound Developed for O-Ring Seals 


A new O-ring seal compound de- 
veloped for use in farm tractor hy- 
draulic systems, has good high and 


greases, chemicals, and has good shock 


couplings, compressors, nozzles, and a 
and abrasion resistance. Because of 


variety of other such installations. The 









low temperature properties and may 
be used with almost any petroleum- 
based hydraulic fluid 
Created 
hvdrauli 
the compound is based on hycar rub- 
ber. Hycar is inert to most oils, 


especially for use in the 


lifting systems of tractors 
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the variety of fluids that tractor op- 
erators might use, an O-ring seal was 
needed that could be used with any 
hydraulic fluid. The manufacturers 
claim that this hycar compound also 
is the first acceptable O-ring mate- 
rial for many industrial applications. 

O-rings are often used as seals for 


sealing action takes place as internal 
pressure forces the O-ring against the 
wall of a properly designed groove 
Hycar rubber may also be used as 

a synthetic resin and modifier, for 
coating or impregnating, and adhesive 
B. F. Goodrich Chemical C 

324 Rose Bldg., Cleveland, Obi 


CONTINUED ON PAGE 212 
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a | Big help on Piping design 
».. your CRANE Catalog 




















Big help in more ways than one, too. Your Crane Catalog saves 
specifying time—everything you need is carefully cataloged and 
cross-indexed for quick and easy selection. And "everything" 
at Crane means the world's most complete assortment of valves, 
fittings, pipe, and piping accessories. 





Making Crane your single source of supply simplifies other 
piping procedures, too—ordering, storekeeping, and final prod- 
uct assembly, for exampie. Most important—especially today 
—your product has added customer appeal when all piping is 
Crane. For machinery buyers know from experience that Crane 
Quality and "top quality" are one and the same. 


CRANE CO., 836 S. Michigan Ave., Chicago 5, Ill. 
Branches and Wholesalers Serving All Industrial Areas 


Arx tt . 






















< 

ә 
“๕ 
3 FOR A BROADER SELECTION OF BETTER PIPING S£ 
п ... LOOK TO THE CRANE tine อ 
FOR LOW PRESSURE SERVICES, e 
| GAUGES | Crane recommends No. 410 100- - 9 
— Pound Brass Gate Valves. Upper 3 
Dapler Service QUICK-TE MP body, cylindrical in shape, combines = 
Heating and Drainage System maximum strength u ith light weight; e 

by Fred H. Schaub Engineer- reinforces valve seats against wedg- 


ing Co., Chicago 


ie 


ing action of disc. Non-rising stem; 
screwed or solder-joint ends. Work- 
ing pressures: 100 pounds saturated 
steam; 150 pounds water of 200° F.; 
150 pounds oil or gas of 150° F. Sizes: 


1 


AIR VENT 
VALVES 
4 to 2-inch. See your No. 49 Crane 
( atalog, page 15. 


snit OEY 





SEDIMENT 
— SEPARATORS 


FITTINGS 
SCREWED 
da FITTINGS 


fo: | EVERYTHING FOR » 
2 EVERY PIPING SYSTEM 


| VALVES « FITTINGS » PIPE « PLUMBING AND HEATING 
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iH 


temperature ind icing conditions 


valves have heating elements and ov 
heat thermostats. Power required 
FLOW CHECK 24 v d acific Airmotive Сог 


purging 2490 N. Hollywood, Burbank, < 


KNOWN AS THE TYPE 502 
1 | shirt stud” cerami i 
oupling UHF cir 


electronii equipment 


in val 
| 


1 
WOTNII 


Adams. M 
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Shunt Changes 
Electrometer to 


Micro-microammeter 


The new model 2001 electrometer shunt, for use on 
del 200 vacuum tube electrometer made by this 
iny, түс» quick conversion ot the electrometer 

ro-microammeter 

The model 2001 shunt is an aluminum cylind 
uning a resistor. Available in any of seven stan 
sistance values, it Rives direct current readings 
0*5 to 10'* ampere. When cl pped on the 
ind HI terminal of the electrometer, the resistor 


guai 


t 


ted across the electrometer input. The shunt 

the guard ring and requires no other connections 
Exacting measurements of current, such as insul 
Каре, and in เจ ท chambers and photoelectri 

made by the electrometer and clectrometer shunt 


The electrometer may be used wherever a self-contain 
!-c voltmeter with a high input impedance ts requis 
Present applications include measuring voltage of char 
ipacitors, measuring piczoclectri potentials, measuri 


! 
1 


I-c amplifier and fm discriminator potentials, and in 
iring Capacitor and insulation leakages 
The resistor 1s protected from dust and handling 


> case and insulating plates at each end 


1 


Rotating Type Limit Switch for Reversing Service 


A new rotating-type limit switch has been designed for 


ipplication where reversing operation is to be co-ordinated 
with the number of revolutions of a motor-shaft or driven 
equipment. The new switch can be used to control motor 
operated doors and windows, valves on machine tools, 
baling operations, travel limits on machinery, and for other 
ipplications Locking 
The switch consists of two size 2 switchettes cach having screw... 
one normally open and one normally closed circuit. Switch 
inits are operated independently by cams rotated through Operating 
| worm and gear reduction from a shaft extending outside shaft 
the сах \ 
According to the manufacturers, adjustment of the limit 
witch ts accomplished by loosening two clamping screws 
turning slotted adjusting pins (one for cach cam) to the 
lesired setting, and then retightening the clamping screws 
It can be adjusted to operate from 4 to 110 turns of the 
iriving shaft with 5 turns over-travel in either direction 
nlimited over-travel is possible without damage to the 
witch 
All parts arc accessible for installation, adjustment, and 
aintenance. The standard form of the new switch 
oused in a zinc die-cast case with removable cover, and 
ims are easily sect by adjusting the two screws. Also 
valable are water-tight and explosion-proof forms in 


St-IrONn Cases \ hi ket v ١ ulabl for ! 


mss (LOIN INI 
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Size 2 
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two 
screws 


Rotating 
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Adjusting 
screws 
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continued 


NEMA Frame, Face Mounted, Integral Hp Motors 


Built in standard NEMA frames, 


this new line of "C" 


face mounted, integral HP motors has units in single phase, 
with ratings through 3 hp at 3,450 rpm, and in polyphase, 
with ratings through 5 hp at 3,450 rpm. 


Two basic varieties are available: 

1 the illustration; and Vertical, 
nume without a mounting base. 
canopy. 


Horizontal, 
similar to the one shown, 
It is وا‎ with 

Both varieties are dripproof, equippe 


as shown 


with heavy- 


luty ball bearings, and suitable for continuous-duty 
tion on applications such as water pumps, sewage pumps 
machine iub where vertical operation is requir red, and by 


other general- purpose appli ition 
Special features of this line include 
totally enclosed dust-proof, 


INS a 


on the single-phase 
dirt-proof external 


tch housing which prevents foreign matter from lodging 


be veen the contacting 


| 


points; and 


condensers mounted 


within the motor base to minimize handling damage. 


The Hoover ( 360 N. 


Michigan Ave., 


Chicago 1, lll. 


High Power Toroidal Output Transformer 


Combined 1 


1 this new type 942-A output transformer 


ire: good аран y response, low distortion, high power- 


handling capacity, 
high degree of astaticism. 


flexibility of impedance ratios, and a 
In addition *o its use in regular 


audio amplifiers, the transformer may be adapted for use 


in high power modulators: 


n : 
musical 


audio 


industrial uses, 
distribution systems 


instruments, 


and in amplifiers for electronic 
and constant voltage 


Eighteen impedance ratios can be obtained covering a 


wide range of values 


The primary windings can be sepa- 


rated as required in certain single-ended push-pull ampli- 


Leakage 


fier circuits 


reactance between primary sections 


is small to give minimum distortion from switching tran- 
sients in conventional push-pull circuits. Tight primary to 


secon 


lary coupling permits feedback with low phase shift. 


The transformer has a continuous power rating of 90 w 


nd is ‹ 
At the con 


on is 1 percent or less above 3( 
' conditions 


ipable of handling peak powers of more than 100 
tinuous power rating, 


the transformer 


) cycles under normal 
The upper limit is between 50 and 


depending upon the connections used 


I 


type 942-A output transformer weighs 7 lb. and 


5-3 in. high with 


a 5-4 in. over-all diameter 


General Radio Co., 


275 Mass. Ave., Cambridge 39, Ma 


Capnut Gives Positive Locking and Moisture Protection 


A lock nut known as the caploc 
gives positive locking, and affords a 
protection against moisture and cor- 
rosive action that destroys bolt ends 
and make a nut non-removable. It 
also gives protection to the bolt itself 
where abrasion is possible 

The caploc consists of high quality, 
heat-treated alloy spring steel insert 


218 


within the cap. This insert acts purely 
as a locking device. The load is taken 
entirely by the caploc nut body. The 
insert is eliptical in shape but is forced 
back into the round by the bolt as it 
passes through. The locking power 
develops by the pressure exerted on 
the bolt by the narrow sides of the 
elipse. The ear on the insert, as- 


Propuct ENGINEERING — 


sembled into a pre-drilled hole, pre 
vents the nut itself from turning in 
service. The capnut may be adjusted 
and readjusted, and may be removed 
and reapplied over again without los- 
ing the locking power and without 
injury to the threads of the bolt. 


Security Locknut Corp., Melrose Pk., Il 
CONTINUED ON PAGE 222 
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A TRADE NAME AND TRADE MARK 











MADISON-KIPP 
. . A CORPORATION 






ESTABLISHED 1898 





ง ว ง รา ร จ ค ภา ว ล / อ 


เว เป гм а мг. 


MANUFACTURING 
| . . . DIE CASTINGS AND 








COMPLETELY MACHINED COMPONENTS, E 


—" / 
Anii tiiis 


LUBRICATORS e HIGH SPEED AIR GRINDERS 





An outstanding feature of the history of Madison-Kipp is 
the consistency of its services to the same customers year 


after year for 10, 20, 30 or more. 













«л Е ‘it 


It has really been a case of being "departmentalized" into 
the organizations we serve. 

This is a type of inter-company relationship that may 
be especially valuable to you in the near future and for 


for years to come. 


MADISON-KIPP CORPORATION 


206 WAUBESA STREET, MADISON 10, WIS., U.S.A. © Skilled ТГ О, ЖЛЕ 


0 Expercenced cx WUBRICATION Exgincering 


| © Originators of Really 
| СЛ 00 


ANCIENS ATELIERS GASQUY. 31 Rue du Marals, Brus- 
sels, Belgium, sole agents for Belgium, Holland, France, 
and Switzerland 


WM. COULTHARD 4& CO. Ltd., Carlisle, England, sole 
agents for England, most European countries, India, Aus- 
tralia, and New Zealand. 
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КОРРЕК$ | 


FAST’S Couplings usually outlast 
the equipment they connect! 


CTUAL cases on record show many Fast’s Coup- 

lings are still in service after as much as 30 
years of continuous operation! Time and time again, 
equipment has been replaced while the original 
Fast's Coupling remained on the job. 


To you, these records of dependable, trouble-free 
service mean freedom from costly coupling failures 
when you specify Fast's. And they mean Fast's cost 
you far less to own and operate . . . because their 
cost can be amortized over long vears of depend- 
able performance. 


For full details on how Fast's Couplings and 


PASTS 


THE ORIGINAL 
GEAR-TYPE 


* 


LI 


ww 


INDUSTRY'S STANDARD FOR 32 YEARS № 


Koppers Engineering Service can help vou, write 
today for a free copy of our catalog to: KOPPERS 
COMPANY, INC. Fast's Coupling Dept., 233 Scott 
St., Baltimore 3, Maryland. 


Here’s How FAST’S Save You Money 


Free Service—Koppers free engineering service assures you 


the right coupling for the job. 
Rugged Construction—Fast's still maintains its original de 


sign, without basic change or sacrifice in size or materials 


Result: freedom from expensive coupling failures. 


Lowest Cost per Year—Fast’s Couplings usually outlast 


equipment they connect. Their cost may be spread over 
many years! 


KOPPERS COMPANY, INC., Fast's Coupling Dept., 
233 Scott St., Baltimore 3, Md. 


Gentlemen: Send me Fast's Catalog which gives detailed descriptions, 
engineering drawings, capacity tables and photographs. 


Ncme 


Compony 


Address 
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EW COMPONENTS—MATERIALS AND PARTS continue 


Wide Range Low Resistance Ohmmeter 


Ihis most recent addition to a group of electrical resist- Se 
ance measuring instruments was designed for maximum 
convenience in field use. The set is completely self con- 
tained with a compartment for storing ore and hand 
spikes. It is supplied in two models, both having the 
same ranges of 0 to 1,000 and 0 to 10,000 microhms. 

Model 1B is a battery-powered set which employs two 
4 FH dry cells, or equivalent. Model 1R shown in the 
illustration has a built-in rectifier which can be plugged 
into any ordinary lighting circuit outlet. 

The ranges of the instrument cover a variety of applica- 
tions, such as routine tests on circuit-breaker contacts, re- 
lays switches, bonds, connections and joints, and bar-to-bar 
tests on commutator type armatures. 

Ihe instrument has a quick acting automatic circuit- 
breaker in the current circuit of the instrument which is 
actuated by a trip coil whenever the potential across the 


resistance being measured is excessive. 


James G. Biddle Co., 1316 Arch St., Philadelphia 7, Pa. 


Portable Pump is Self-Priming At All Speeds 


This portable pump and motor unit is self-priming at 
all speeds, and will start almost instantly even with dry 
suction lifts approaching 15 feet. 

The pump uses a direct drive 1725 rpm, 3 hp capacitor 
type motor, operating on 115 v a-c. Standard external 
garden hose connections of 3 in. are used, with an optional 
) in LD. pipe size available. Body material is bronze. 

The standard impeller material is a neoprene compound, 
resistant to oils in varying degree. Some oils can be pumped 
easily; others cause trouble because they are absorbed by 
the impeller, causing it to swell. 

As the impeller rotates, it carries the liquid through the 
pump, each successive blade drawing in the liquid. When 
the flexible blades contact the offset plate, they bend with 
‚ squeezing action, which provides a continuous discharge 
of liquid. Upon leaving the offset plate, the impeller blade 
traightens and creates a vacuum, drawing in the liquid. 

For intermittent operation, pressures up to 30 Ib are 
permissible For continuous operation, pressures should 

t exceed 20 lb with standard impeller. At a total head 

1.5 psi, the pump has a capacity of 10 gpm. At a head 

psi, the output is 4.2 gpm. Operation at tempera- 
tures between 0 and 160 F will minimize impeller wear. Jabasco Pump Со., 2031 М. Lincoln St., Burbank, Calif. 


Compact, Line Voltage Type A-C Magnetic Starters 


New, compactly designed, line-volt- for #6 wire, are standard; screw manual automatic reset is available on 
age type a-c magnetic starters in sizes terminals are available en special special order. 
0 to 1, have contact carrier and sta- order. The overload relay features On size 0 and 1 starters, all parts, 
tionary contact blocks of molded, high — palladium-silver snap action contacts. except stationary and movable cont 
f sistant ne. All parts are The enclosed heater element, with ex assemblies, are interchangeable. T 


essible from the front. The panding U-shaped bimetal and snap overload relays may be mounted st 
tact assemblies may be replaced — action* contact mechanism, gives ac- rately if desired 
without disassembling the starter curate motor overload protection. Trip 


ling , R-B-M Div., Essex Wire ( 
Ilsco solderless terminals, suitable free manual reset is standard, but 


Logan: pori 
CONTINUED ON PAGE 224 


PRODUCT ENCINEERINC — MARCH, 1952 
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TYPE IBR 
1" 114" 112" 2" 
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TYPE IBRSA 


и — 34 
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FOR HANDLING STEAM, 
WATER, AIR, OIL, GAS 


Syphon Style —TYPE IBR. Built for 450°F 










steam service to 150 psi, and up to 500 RPM А 

RODUCT DESIGNERS throughout the country Hydraulic service to 200 psi, 750 RPM. Higher Sw 
have been quick to recognize the ADVANTAGES eese and ром undor cartals: condilion 
offered by Barco's new improved Type IBR Revolving Single Flow Style—TYPE IBRSA. Similar 


to Type IBR. Sizes 1” and larger have 2-piece | 


Joint for service on drum type dryers, coating rolls, flange connected body. Send for Bulletin 300 


calenders, mixing drums, chill rolls, sanforizers, and 
other rotating machinery: 


„їл 7561 v 





@ Free-Floating, Low Torque Installations. 

@ Up to 50% Power Savings. 

@ Better Temperature Control where steam is used 
for heating rolls. 

€ Low Maintenance; No Adjusting. 

© Ability to Withstand Vibration and Hard Usage. 

@ All Parts Easily Accessible. 


Barco builds a complete line of revolving joints in sizes 
ranging from %” to 5” in special models. Pressures 
to 250 psi, steam, or 1000 psi, hydraulic. Speeds to 
2500 rpm. Barco Engineers are at your service; 
ask for recommendations. BARCO MANUFAC- 
TURING CO., 182772 Winnemac Avenue, Chicago 40, THE ONLY TRULY COMPLETE 
Illinois. In Canada: The Holden Co., Ltd. LINE OF FLEXIBLE BALL, 
SWIVEL, SWING AND 
REVOLVING 
JOINTS 





ШИШ WORLDWIDE SALES AND SERVICE EEEa 







FREE ENTERPRISE —THE CORNERSTONE OF AMERICAN PROSPERITY 
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THIS "HAND" IS ALWAYS DEPENDABLE! 


= 


Make it "Standard" for your equipment...assure accurate temperature control 


@ Automatic Sylphon Controls, installed as 
standard equipment, do a better job, any time, 
than hand-operated valves or "guess methods" 
do at governing temperatures. They assure 
your equipments' best performance . . . save 
trouble for you and your customers . . . give 
you an extra sales advantage. 

See why! Hour after hour, they maintain 
temperature that assures uniform processing 
conditions . . . constant product quality. They 
help reduce spoilage, wasteful overheating 

save manpower 

and manhours. 
Sylphon Temperature 
Regulator No. 999, 


pictured here, is one of the Sylphon line. Its 
outstanding features include stainless steel 
frame for minimum heat conduction from 
valve to regulator head . . . large size 2-ply 
Sylphon bellows for added power . . . less 
height and weight than other types. Self- 
operating—requires no auxiliary power source. 
Particularly suited for storage water heaters, 
metal plating tanks, bottle washers, treaters, 
slashers, etc. 


Find out about the advantages of No. 999, or 
of other Sylphon Temperature Regulators, as 
standard equipment to help your machines 
operate better, longer, more economically. 
Write for Catalog EP-A. 


JruLTon 5 


FIRST WITH BELLOWS 


ROBERTSHAW FULTON NTROLS 


5 I 


YLPHOn 


Canadian Representa 
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Heavy Duty, Portable Hydraulic Power Unit 


A new heavy duty, portable oil hydraulic power unit 
with pressures to 5,000 psi, has been designed to provide 
hydraulic power for testing equipment, modernizing older 
machinery and for emergency power. This unit may be 
easily towed and can be used anywhere electrical power 
is available. The manufacturers claim that it is suited to 
the testing of aviation and automotive equipment, and the 
powering of machine tools and processing machinery. 

These units are built with fixed volume pumps in a 
wide range of sizes up to 60 gpm at 2,000 psi; hand-wheel 
and pressure compensated controls enable users to meet 
specific job needs up to 5,000 psi and 75 hp. 

Multiple valve combinations and simple hand control of 
two pressure lines permit the pump to take suction from 
built-in 100 gal tank or from an outside source. 

The unit has a micronic filter, built-in relief valve, flow- 
meter, pressure gages and electric controls, all mounted in 
a welded steel frame to JIC specifications. 

The unit shown is 75 hp, developing 32 gpm at 3,000 
psi. Overall dimensions are: 7 ft. 5 in. long, 3 ft. 9 in. 
high. Weight is approximately 3,750 pounds. 


DDAMNIIFT 


The Rucker Co., 4228 Hollis St., Oakland 8, Calif. 


แส ส เท ท ทศ ค จะ ๒ ๓ 


Worm Reduction Gears Are Fan Cooled 


Radiation type speed reducers, a new line of worm 
reduction gears, offers a variety of ratios, with units rang- 
ing from 5 to 1 through 100 to 1, and from fractional up 
to 400 hp. 

The smaller units, 14 in., 1} in., and 2} im. dia., feature 
universal mounting for worm on bottom, top, or vertical 
installation. While delivery is made with assembly as 
specified, legs are removable and can be mated to other 
holes in housing to permit varied mounting. 

The case has a large surface area with vertical and hori- 
zontal ribbing to allow for maximum heat radiation. A 
fan fitted to the worm shaft directs a stream of cool air 
along the exterior ribs on the gear case. There are ten 
sizes ranging from 343 in. through 14 in. that are all fan 
cooled 

Dual purpose ball bearings are used on both the worm 
and wheel shafts to allow for radial and thrust loads, with 
a roller bearing in addition on the wheel shaft. All joints 
on the case are machined and made oil tight, and dust 
proof. Oil seals are fitted to the high speed worm shaft. 
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National Transmission Distributors Ini 
684 Broadway, New York 12, N. Y 
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A FLEXIBLE SPIGOT AND SOCKET high pipeline pressures. No straps  joint's separation. Flexibility remains 
JOINT which does not separate or dis- and ties, which are difficult to protect intact. The spigot and socket joint 
join under high working pressures from corrosion, are used. Instead of is warranted for working, as high as 
can be used by gas and water supply — these a steel ring, a shallow-groove in — 294 Ib psi, for a 0.4 in. pipe, do 
plants and industries in cases where the spigot end of one of the pipes of to 117 Ib for a 1.1 in. pipe. № 
there is danger of the separation of a the joint, and a bevelled edge of a Netherlands Blast Furnaces & S 
spigot and socket joint resulting from cast-iron pressing ring prevent the Wks., Muiden, Netherlands. 


CONTINUED ON PAGE 228 
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THE LINCOLN ELECTRIC COMPANY 


Machine Design Sheets are available to designers and engineers. Write on your letterhead to Dept. 33 


CLEVELAND 17, OHIO 
The World’s Largest Manufacturer of Arc Welding Equipment. 
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tor better performance 
with less down-time 


POWER YOUR PRODUCT 
with Wagner MOTORS 


Modern high-speed production is based on 
the ability of machine tools to turn out a 
continuous flow of identical parts. Precision 
is all-important—so is continuity of opera 
tion. Machine tools powered with Wagner 
totally-enclosed Motors are assured freedom 


from excessive down-time caused Бу motor 


. 


failure, because these motors are designed to 
operate under the adverse conditions often 
encountered in machine tool operation. They 


are fully protected against steel-filings, chips, 


ว ง ว รา ส รา ค NIT 
CS FX HA РЕГІ 


dust, dirt, fumes and moisture. They require no 


' 


maintenance other than periodic lubrication 


The machine pictured here does rough bor 


ing of 6-cylinder engine blocks. It is equipped 


iii~ AIN 


with Wagner totally-enclosed tan-coo!ed 
motors. At the top is a 100 hp Wagner 
Tyne СР. 


‘it ллі 


When you power your equipment with 
Wagner Motors, you assure users uniform 
performance with exceptionally little trouble, 
and you give your product an added selling 


point that’s hard to beat 


อ เก ง 1 เภ แม ม บ “ผล | 


When you standardize on Wagner Motors 

—you get the advantages of a liberal war 

ranty of nationwide service facilities, 

with replacement motors and parts avail 

able from more than 650 Authorized 
› 


Service Stations plus 25 Wagner-owned 


Service Branches 


You can choose from a wide variety of 


Type CP totally-enclosed, Type TP totally-enclosed, types and sizes (from 1/125 to 400 hp) 


fan-cooled motor. non-ventilated motor. Bulletin MU-185 gives complete informa- 


tion—write for your copy 


WAGNER ELECTRIC CORPORATION 
6406 Plymouth Ave., St. Louis 14, Mo., U.S.A. 


ELECTRIC MOTORS * TRANSFORMERS * INDUSTRIAL BRAKES 
AUTOMOTIVE BRAKE SYSTEMS — AIR AND HYDRAULIC 





BRANCHES IN 31 PRINCIPAL CITIES 


Maren, 1952 





МЕХ COMPONENTS-—MATERIALS AND PARTS 


Variable Speed Drives Have Automatic Control 


Formerly only available with handwheel and electric 
remote controls, the series 1000 fractional horsepower 
vari-speed moto drives are now available with mechanical 
automatic control. 

The series 1000 motodrives are manufactured in $, $, 4, 
and f hp sizes,’ with special variations as high as 10 to 1. 
These motodrives are compact, with each unit a complete 
variable speed power plant, consisting of the speed-varying 
mechanism made by this company, and the user's choice of 
iny standard motor, with a built-in helical gear speed 
reducer optional. A total of 24 different assembly combi- 
nations are available for each horsepower rating. 

Ihe motodrive is one of three basic units designed by 
this company to meet variable speed control requirements 
Other units are the variable speed transmission, in capaci- 
ties up to 87 hp. and speed variation as high as 16 to 1; and 
the vari speed motor pulley, available in capacities up to 
10 hp and speed variations up to 4 to 1. 

The fractional motodrives have complete units as 
small as 9 in. in height and 16% in. in length, and should 
find good use where space is limited. 

Complete information on these and other units may 
be obtained by writing to the manufacturer. 


Reeves Pulley Co., Columbus, Ind. 


400 Cycle Servo Amplifiers For Two-Phase Motors 


The models 421-A, and 423-A shown in the illustration 
are universal, 400 cycle servo amplifiers, designed to drive 
two ph ase servo motors requiring 6 and 9 w per phase 
respe ctively. They feature independent, screwdriver con- 
trols on damping, gain and carrier phase, and can be 
stocked for use in all servo loops using their servo motors. 
Other characteristics are: maximum gain, 1,000; phase 
idjustable thru 160 deg; internal p below 2 milli- 
volts; damping adjustable over wide range. Their plate 
and filament power can be supplied by any power supply, 
with no regulation, filtering, or additional bias sources 
ecessary. They will function with any carrier frequency 
! and yield servo loops of broad frequency 
ind low static and velocity errors 
plifiers, together with 60 cycle, model 410.B, 
| by this company advance the theory of 
ircuitry." The range and applications of 
will eliminate engineering development. 


Industrial Control C W yandanch, L. 1., N. Y. 


i : * е , 

A NEW ZINC CHROMATE COMPOUND only to clean surfaces. It will dry in F and is adjustable + 60 F from 

with a vinylite resin base called Vorac less than 30 minutes. Bakelite Co., original factory setting. Contact 

H-400 has been found to be effective 122 E. 42 St., N. Y. 17, N. Y. rated at 1 amp, 115 v a-c, or 0.5 amp 

as an anti-corrosion metal wash primer 1-с. A phosphor bronze sprin 

The compound is used under many A MINIATURE, ADJUSTABLE, metal-en- holds the moving contact. Over 
of coatings, and requires no closed *thermostat, designed for long shell length is 14 in., and diame 

It is term stability and accuracy has a about ; inch. Thomas A. Edison | 


applied temperature range from —50 to 350 Instrument Div., W. Orange, N 


CONTINUED ON PAGE 232 
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KAYDON TYPE RT THRUST ROLLER BEARINGS 
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FLAT RACES 
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ABOVE SIZES IN STOCK FOR IMMEDIATE SHIPMEN 


KAYDON Types of Standard or Special Bearings: 
Spherical Roller ® Taper Roller ๑ Ball Radial 


K AY І Ball Thrust ๑ Roller Radial © Roller Thrust 
THE ÜN ENGINEERING CORP., 


MUSKEGON, MICH. 
ell lyfres of Ball and Roller Bearings 2” bore lo 


ODUCT ENGINEERING Marcu, 1952 


20" cubstde diameler 





New Parts and Materials. .....continued 


Wires Have 
Individual Packing Gland 


This new electrical connector con- 
forms to AN specifications but is 
lighter, shorter, and without clamps, 
eliminating the need for most right 
angle connectors. The new connector 
is weather-proof, waterproof, acid- 


slidi 
tron 
pivo 
sup} 
inch 
swit 
brea 
opt 
proof, and vibration resistant. Lead ont 
wires into the connector are provided arou 


HOT i with an individual packing gland cont 
ง "ht ye making them compression sealed nect 
OR COLD | against moisture, acid, fumes, and mat: 


atmospheric changes. The shell can n à 


A 


Ed 
Т = 


WOUND ; be mounted in desired fixed position he 


before installing other wiring which seal 


may be bench assembled. 


Salsbury ( 


Limit Switch Is Completely 
Hermetically Sealed 


A new-type limit switch that is com 
pletely hermetically-sealed is said to 
offer special advantages for uses even 
under the most adverse conditions 
It has several industrial applications 
with special value in places where 
ordinary splash-proof or enclosed 
switches are not adequate because of 
humid or corrosive atmosphere, ex 
cessive dust and other difficult cond 
tions. Because of the hermetic sealing 

AMERICAN -FORT PITT (with inert atmosphere), this electr 


snap switch is considered proof again 


freezing, corrosion, explosions, th 
accumulation of dust on contacts, and 
tampering. 


Though light and compact, tl 
hermetically-sealed electro-snap limit 
switch is of strong construction. | 

AMERICAN-FORT PITT SPRING DIVISION weighs 0.38 of a pound with overa 


dimensions of 2,9. in. x 1.8, in. x 
H. K. Porter Company, Inc. ensions i% in. x 14% in. x 1 


inches. Actuator is capable of mo 
No. 2 John Street, McKees Rocks, Pa. (Pittsburgh District) than 100,000 electrical operations « 


200,000 mechanical movements. T! 


Propuct ENGINEERING — Marcu, 195 





{езу Parts and Materials continued 


COOLIDGE 
BALLS 


CHROME ALLOY 
STAINLESS STEEL 


to endure in excess of 10,000,000 E 
mechanical cycles of operation. 
An important feature of the switch 


7 
a tipping diaphragm action (по [โท อ ร 1: 


sliding parts) to prevent jamming 
from ice formation. A hardened steel ELE TRIC FU RN АСЕ STEEL 
pivot under diaphragm gives strong 
support. Other construction details 
i 
include doublepole, double throw НЕАТ TREATMENT 
switching with nearly simultaneous 
hen , à = ‚ zo 
break. Single pole, double-throw is 


optional. A new design 4 or 8 pin LA P P Е D F | М | B E Е ๑ 
onnector จ А 
, \ 


2 


(^ 


E IANI! 
ง แล จ ง เล เค วร 


eliminates condensation 
wound terminals. Rubber sealed outer 


tv 


y \ 


๑ \ 

onnector is available for making con- \ ЕЈ 
nection to completely enclose outer 

materials. All components are bonded 


n an integral unit by copper-brazing. แล ม FACTORS COMBINE TO МАКЕ THE FINEST 


fit кеи 


The cover is retained mechanically and 


— — STEEL BALLS OBTAINABLE BECAUSE THEY CON- 
Che eumfttenns diui de did TRIBUTE TO CLOSER SURFACE UNIFORMITY— 


s no condensation within the enclosed 

mechanism from humidity and tem BETTER. STRAIN DISTRIBUTION —HIGHER LOAD 
perature cycling. Therefore, there 

| — ) > | 1ererore | — - CARRYING CAPACITY — LONGER LIFE 

no danger of the switch components : 

Ireczing. Performance 15 seid to be 

jua] at sea level or 50,000 ft 


if 


f 


Used in: 
Interchangeable Welding BALL BEARINGS o AUTOMOTIVE © AIRCRAFT 


Cable Connector 


| FARM AND INDUSTRIAL EQUIPMENT 


The sign of the new cam-lok 


velding cable connector consists of a MACHINE TOOL ๑ OIL WELL AND OTHER 


oubie cam principie where one cam 


erts pressure parallel to the axis of IMPORTANT APPLICATIONS 
onnector, the other perpendicular ; 4 

the axis. The contact approaching Я 

* 600 psi needed for minimum re- 

stance is obtained. The connector is 


ide of solid brass machined to a 
ooth sliding fit ^ 
General purp tor for 


through 3/0 cable and No. : CORPORATION 
| BOX 488 e MIDDLETOWN, OHIO 


ме Е 
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New Parts and Materials continued 


pletely interchangeable with the heavy 
duty connectors and with general pur 
pose and heavy duty female terminal 
connectors. Long runs of cable can 
be graduated from 4/0 down to 
light whip end for maximum flexibility 
and minimum voltage drop. No adaj 
tors or reducers are needed. The con 
nector is said to be self-compensating 
for wear, locks tight, releases easily 
has no spring action, and reduces ar 
ing and burning to a minimum 


Empire Produc Inc.. Cim 


Switches For 
High-Speed Work 


Now constructed according to speci 
fications JAN and MIL, all switches 
made feature silver allow contacts and 
slip rings, knee action rotor, positive 
roller type detent action which does 
not add to the depth of the unit, and 
switch stops which are independent of 


О&5 BEARINGS 


NON-METALLIC ° SELF LUBRICATING 


^ 
๑ ๑ % 


FOR TANKS...TRUCKS...TRACTORS 
` OR YOUR APPLICATIONS! 


rotors. Occupying small space 
Since 1913 O & S has switches are constructed for use ove 
long periods of time. Available for 
high-speed work for such applications 
cated bearings and bush- as telemetering, plus work, and other 


manufactured self-lubri- 


i f + гу $ 
ings. The components of military applications. 


] 


these lubricant impreg- ' —— 

nated bearings аге-ап 

especially woven fabric 

combined with a mini- Ring Gaskets Has Two 
— —— n" Independently Acting Seals 


Are these self-lubricating bear- The design of the new Flex-Tip rit 


; joint gasket incorporates two ind 
ings the answer to your problem? pendently acting seals as compared t 


Write today for Bulletin 151. the one type offered in other gaske 
The first sealing mechanism is 
standard API mctal to metal seal acti: 


O & S BEARING СО. exactly as in the standard gasket. Tv 


additional features are the resilient fle 


303 SOUTH LIVERNOIS * DETROIT 17, MICHIGAN tip and the inner and outer bea 
which offer protection against mechat 


cal damage to the smooth steel seatu 
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An important part of Moraine’s operations is a 
continuous program of engineering research 
and production improvements. 


This program, supported by Moraine's expe- 
rience and knowledge, each vear broadens the 
range of application of Moraine metal powder 
parts by making it practical to work to closer 
tolerances and to produce more complicated 
designs. 


Moraine has demonstrated to many industries 
its ability to produce metal powder parts for 
them . . . faster and at lowered costs. 


MORAIN H PRODUCTS ue ==: 
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SHOCK and VIBRATION NEWS 


BARRYMOUNTS FOR ASSURED CONTROL OF SHOCK AND VIBRATION 


can YOUR equipment stand the shock 
of carrier landings? Barrymounts can! 
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Official United Stotes Navy Photograph 











New military specifica- 








tions for all services re- 











quire ruggedization of 











your equipments with 





their mountings. 





Ruggedized Air-damped and All-Metl Barrymounts and 
mounting bases are now available to meet the shock test 
requirements of specifications MIL-T-5422 (Aer), MIL-E-5272 
(USAF), and ANE-19. These mountings hold your equipment 
securely and maintain uniform performance characteristics 
even after the repeated shock of many aircraft carrier landings. 


























For full information about Barrymounts and bases, write 
today for your free copy of each of these Barry catalogs: 


Catalog *524—Ruggedized Barrymounts and ruggedized 
mounting bases. 


Catalog =523—Air-damped Barrymounts and mounting 
bases. 


Catalog +509—All-Metl Barrymounts and mounting bases. 


THE 5 A R & Y CORP. 


730 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS 


SALES REPRESENTATIVES IN 
Atlanta. Chicago Clevelond Dollas Dayton Detroit Los Angeles Minneapolis New York Philadelphia 
Phoenix Rochester St. Louis Sen Francisco Seattle Toronto Washington 
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surfaces. he beads also protect th 
ring against corrosion, since the resi 
lient material is little affected by oil 
gas or commonly encountered chemi 
cals. 

The flex-tip mechanism uses th 
interference ee of sealing simi 


lar to that of the common O-ring. A 
new compound has been added t 
give resistance to chemical reagent 
commonly found in connection wit! 
drilling for or producing petroleun 

The gaskets are manufactured i: 
all sizes used in well control fo: 
pressures of 2,000 psi and above; for 
600 and 900 series in sizes two to 
twelve inches; for series 1,500 in two 
to twelve inches; and for series 2,90 
in sizes two to ten inches. The fol 
lowing features are obtainable: (1) 
The effectiveness of the second scil 
is independent of the initial tensio! 
of the bolting. With bolting made uy 
slightly more than finger tight, test 
pressure can be held indefinitely with 
out damage to flange, ring or bolting 
(2) The combination of inert ma 
terial with steel enclosure on all sides 
give a seal that is permanent. (3) 
The seal is not destroyed easily by 
foreign material trapped in a rin; 
groove, or by poor surface finish. (4) 
Units can be stored indefinitely witl 
out deterioration. (5) The second 
seal does not lose sealing ability wit! 
out repeat usc. 


Miniature Panel 
Mount Switch 


The new model PM Tyniswitch 
a miniature panel mount type mca 
uring 1$ x 44 3 in, and weighin 
approximately 17 grams. This switc! 
gives precision snap action, long lif 
and high rating. Its compact desig 


makes it a good switching compone: 








Complete Selection of PUMPS 


Automatic Reversing Vane 
Pumps may be ordered 
stripped (as shown) or 
semi-stripped, for “built-in” 
applications, or with hous- 
ing and foot mounting. 


Rotary Geared Pumps 
supplied with helical or 
herringbone gears for 


pumping oil under pressure, 


or with spur or helical gears 
for general purpose 
applications. 


Centrifugal Pumps 

available for a wide variety 
of coolant and transfer 
applications. 


Special Pumps like this 
compact flange-mounted 
type, having multiple 

pipe connections, can be 
furnished to fit your designs. 


Visit Booth No. 1435 Brown 
A.S.T.E. Show, Chicago 
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It's easy to select just the right Brown & Sharpe 
Pump for your job. You can choose from a wide 
variety of types and sizes... centrifugal, geared, 
reversing vane... direct or motor driven. All have 
the quality construction and long, trouble-free 


life characteristic of Brown & Sharpe products. 


The complete specifications on each type and size are 
clearly presented to you in the Brown & Sharpe 
Pump Catalog. It includes illustrations, installation 
dimensions, and charts showing performance 

data. Write for your copy. Brown & Sharpe 

Mfg. Co., Providence 1, R. 1., U.S.A. 


WE URGE BUYING THROUGH THE DISTRIBUTOR 
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looking for someone 
to place painted phenolic parts 


in your hands? 


Plastic Research Products' services include much more 
than mass production facilities for precision molding. With a 


job such as this painted phenolic RCA radio cabinet, for 


€ 


example, P R P does a complete job. We are one of a very 
few firms in the industry equipped to produce the piece, paint it, 
and bake it in our own big-capacity ovens, thus reducing 
handling, breakage and extra-operation shipments. Our own 
fleet of trucks and planes delivers the finished work right 
into your hands. If you are interested in 
these extra services, write, wire Or 


telephone us for information. 


when you look 
for plastic moldings 
look first to 


Plastic 
Research 


Products 
Urbana, Ohio 


New Parts and Materials continued 


for equipments where available mount 
ing space is limited. The model PM 
is Underwriters’ Laboratory Rated at 
15 amp @ 125 v ac and 74 amps 
@ 250 v a-c. Movement differential 
is 0.010 maximum. Operating force 
required is 7-11 oz and release force 
is 2-3 ounces. The unit is manufa 
tured for the following circuits: singl 
pole single throw, either normally 
open or normally closed; and sing] 
pole double throw. 


The Sesto» Clot 
Tyniswitch Div., Forestville, 


Safety Valve For 
Metal Drums 


Ventadrum is a new safety valve 
designed to control and eliminati 
dangerous explosions caused by pres 
sure expansions in 50 gal metal drums 

The valve is screwed into the bung 
opening of a universal type 50 gal 
drum, and has the following features 


It permits air to enter the drum or 
contraction of liquid or while it 
being extracted; it permits air to c: 
cape during any expansion caused | 
temperature increase ; fire screen pre 
vents fire from traveling into th 
drum; it will not leak if drum turn 
over. Height is 34 inches. 


Central Safety Equipment C 
2201 E. Huntingdon St., Phila. 25, F 


Small, Low Power Relay 


This small, sensitive type N rel 
will operate on less than 50 milliwat: 
with a 10,000 ohm coil, 1 form C co: 
tract (spdt) and a standard adjus 
ment. With a 450 ohm coil and fo 
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Just because that bathing suit is proper at the beach, she 


“а 


shouldn't assume it's proper for the classroom, too! 





í it- Anii tg li. TM 


And just because one bearing is best lubricated by one partic- 


ular grade of oil, you shouldn't assume that the same oil is best 










for a// bearings on that machine. In many cases it isn’t. 


OIL CUPS permit you to lubricate each bearing with the oil 
best suited to that bearing—thus prolonging bearing life, reduc- 
ing maintenance costs, cutting down-time, boosting production. 
And oil cups fortunately cost very little. 


л г £L. E78. d ล ¥ 









Gits oil cups have been the standard for industry for more 
than 40 years. Gits Bros. has the largest selection of oil cups 
available anywhere. Call on Gits Bros. for a prompt, efficient 


solution to your lubrication problems. 






Write for free Catalog No. 60-A 


GITS BROS. MFG. Co. 


1838 S. Kilbourn Ave. e Chicago 23, Illinois 
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Quality Assured 


Accepted everywhere for quality and per- 
formance based on rigid tests to government 
specifications. 


CURTIS UNIVERSAL JOINTS 


Single or Double 


Curtis "Standards"— of selection, heat treat- 
ment, strength, accuracy, tolerances, concen- 
tricity and smoothness —surpass the Class I 
specifications of the AAF. Today these 
standards—and Curtis Universal Joints—are 
used in every branch of the Armed Services. 

14 stock sizes to choose from with facili- 
ties immediately available for specials to 
specifications. 


ONLY CURTIS OFFERS ALL THESE ADVANTAGES 
Availability — 14 sizes always in stock 

Simplicity — fewer parts, simpler construction 
Government Tests — complete equipment for govern 


ment tests in our plant 


C Write today for free engineering 
data and price list ๒ * 


CURTIS UNIVERSAL JOINT CO., INC. 
i 1BIRNIE AVENUE SPRINGFIELD, MASS. 
As near to you as your telephone 


A MANUFACTURER OF UNIVERSAL joiwts since 1919 


STEEL MERCURY TIMERS 


^ 


Jistrioutor of 


"diana 


New Parts and Materials... continued 


form C contracts ( ipdt) it will ope: 
ate on 7/10 w, even under conditions 
of vibration and high ambient tem 
perature 

High sensitivity results from the us 


OI 


a close-coupled magnetic circuit 
much magnetic iron, and efficient co 
design. Othe 


contact pressure, 


advantages are higl 
a minimum 30 gram 
and adequate ontact gaj a minimus 
0.015 inch 

Type N relays are 13 in. long, 1 
in. wide and 1% in. high with max 
mum of ten Relay 
with not more than 14 terminals for 
coil and contact springs can be 
metically sealed in enclosut 
tremely 


contact springs 


small size 


Deflection Amplified 
Measures Short Pulses 


video amplifier 


12! 
‘ vailable 


A new wide band | 
model V-2 is which has a 
flat amplitude response of £1.5 d 
from below 10 cps to 20 mcps 


The wide band video amplifier 


designed tor use as ап oscilloscope de 
flection amplifier for the measurement 
and viewing of pulses of short dura 
tion and rise time. It is for laboratory 
and industrial use to extend the ampli 
tude range of vacuum tube voltmeter 
and signal generators. The low fr 

quency said to 
accurate analysis of television signals 
Sixty cycle 


with less than 5 percent tilt 
1 


responses are perm 
| | 


square waves are passe 


Sub-Miniature Control Unit 


A sub-miniature control known 
series 48 A is available as either 
single or dual unit, and pressures onl 
& in. in diameter. The body depth 
the single unit is 4; in. while the do 
ble unit measures $3 inch. 71 
bushing is } in. long, beyond whi 
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How in the world would yew have solved these 
connector problems? 


Would vou have relied oi ost] 


clumsy, rigid piping? Thrown up your 
hands? Or — like the resourceful design 
ers of these three machines — would you 
have used flexible metal tubing? In 
each case American Flexible Metal Hose 
or Tubing filled the bill ind cut 
oper iting costs 


Your product too. may need versatile 


. № 


exible American Metal Hose. If it must 
move. bend. or vibrate. let us show vou 
the right connector...designed to absorb 


vibration, connect moving lines, or to be 


ง ง ร า ร า ค ภา แว วา ดล จ 
уча миг 


assembled In close quarters while re 


seer น # 
tr ld S. 00g 


sisting heat, cold, pressure and corrosion 


in conveying liquids, gases or semi 


solids. Write for Bulletins SS-50 and 
CC-300 which give technical details and 


nott 


many applic ition histories. The Amer 


‘it 


ican Brass ( ompany American Metal 


Hose Branch Wate rbury X) ( ОПП 
Coolant gets a new twist. A quick twist, ond American Flexible Meta! Tut ey 


In Canada The Canadian Fairbanks 
, 
Morse Companv. Ltd 


Hot Stuff. 


made by T 


ก Е 


Company, fluid os 
Jirect to. heating tonk 


(1) is 2⁄2” Amer 


Pull-out is a push-over to repair 


ANACONDA 
wherever connectors must move “ชะ = 


FLEXIBLE METAL HOSE AND TUBING 
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SYNCHRONOUS TIMING MOTORS 









0 om 
- 


< 
)ependable onstant speed performance wit! 
exceptionally h gh torque make the Cramer 
Type SX Perme inent Magnet Synchronous Motor 
your best possible choice for instrument 
j ntr apr ation A thoroughly engineered 
product produced under skilled technical supervision and proved 
year T field service 6 er Type SX Motar ее! wide де ої 
r { tic wit y state И ct + 
Torque 30 z. at f Rest e $o fast that motors r | 
y Chr or peed ї 4 y € tor 1 ї пог 
| 6l ес Or 240 r ot 4 
Available witr ! 1 [ นู C ] 1 24 
p.h. for 25, 50 and 60 cy. Also available in clit 
type, charf drive and reversible unit Patente 
сог trolled rotation either ๐ 6 แง Р. ЧЇ, nter ску ۴ 
dual. Replaceable coils. U. lL. approved.’ Send “ 
technical t "ТТ, ГГ, omplet: lot 





e R. W. CRAMER COMPANY, INC. 


ВОХ .7, CENTERBROOK, CONN. 


) 


‘Builders of dependable timing devices for more than 25 years. 


NTERVA МЕК . MA FLAY RELAY . Ӯ 1 ҮҮ ° ۲ 6 MER 


TIMER ๑» 9! แผ พ ม เพ A^ A . у . NCHE 


New Parts and Materials contim 


the shaft extends } inch. The sh 
may be obtained as a flatted, or slot: 
tube. Standard shaft is } іп. гош 
of soft metal. The body of t 
control is durable bakelite 

Series 48 A is available іп еі] 
tapered, or linear resistances. Л 
linear ranges are from 1000 ohms t 
megohms. Tapered resistances 
from 5000 ohms to 2.5 megohms 


Ci 11 Ma ( D 


Instrument Mounting Clamp 
Simplifies Servicing 


An instrument mounting clamp h 
been perfected which permits remova 
of the instrument from the dial sid 


of the panel. The clamp has a 2 


dia, and is installed on the rear of 
panel behind the cutout. Fastening 
removal is accomplished by adjusting 
only one clamp actuator screw, sa 
time in assembly and servicing 


M iran Pr auct ( 
ln ieu 


Titanium Carbide 
Thread Ring Gage 
Thread ring gages made with a í 


bination of titanium and carbide 
material called 4Demark, are light 









LZ - | SPEED 
A — — ไร |... | POWER | 
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4... жите 
STROKE 
RELEASE VALVES 
| VERSATILITY 
* Р = 
"OPERATION. $ 
Р — PUMP (GEAR TYPE eg 
1D \RAM BARREL C ะ 
i CX 
«2 
«3 
DESIGN YOUR PRODUCT WITH Е 
LAPLANT-CHOATE HYDRAULIC UNITS d 
FOR designers and manufacturers of products that can be improved by «e 
hydraulic operation, LaPlant-Choate Hydraulic Units give the perform- T 
ance "extras" which bring extra advantages into your competitive sales A 
picture. "ы 
These powerful, smooth-operating units . . . jacks, pumps, valves or м 
the compact, all-in-one fluid power control . . . supply the speed, flexi- 5 
bility, and instant response to controls that keep equipment operating F 
economically and efficiently. > 
That's why so many manufacturers like the ones listed below are c 
using LaPlant-Choate Hydraulic Systems for the utmost in full hydraulic - 
operation. For complete details, send for Bulletin B-1152B, or write your 
requirements to LaPLANT-CHOATE MANUFACTURING CO., INC., 
۲ Cedar Rapids, Iowa. THE FAMOUS LPC 


FLUID POWER CONTROL 
A few of the well-known manufacturers who make m се = — are 
good products even better with LPC Hydraulic Units urit that mounn a te front ofthe 


Service Supply Corp. Pacific Car & Foundry Co. Municipal Supply Co. This - оа — design 
(Manufacturing Division) CARCO HYDRADOZERS THE GUTTER SNIPE completely eliminates long suction 







lines, reduces the hazard of leaks 
THE LODOVER and assures greatly increased speed 
в * ๑ and efficiency. In addition, the en- 


The Warner & Swasey Co. — Wm. Bros Boiler & Mfg. Co. Pittman Manufacturing Co, Ue vei з skilfully engineered ond 


precision built for utmost simplicity, 
GRADALL BROS BULLDOZERS THE HYDRALIFT easy servicing, and long, trouble- 


free operation 


CHOATE 
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. for the finest in 


STAINLESS 


STEEL 
FASTENERS 


MADE RIGHT — 


By specialists in stainless steel 
since ! 929. 


PRICED RIGHT — 


“Because ALLMETAL uses mod- 
ern equipment—including cold- 
heading machines—devoted 
solely to stainless. 


И 


RIGHT COMBINATION 


For solving fastening problems 
quickly, economically. 


Allmetal has the fasteners you 
want. Stock including 
Government and "AN" specs, 


items, 


shipped immediately. Prompt 
delivery on various types of 
Phillips Recessed Head screws 
and specials. Switch to All- 
metal Stainless Fasteners when 
you switch to Stainless! 


Use our “Rush Order” 
direct wire service — Send 
telegrams to “Allmetal 
Screw Products — WUX — 
New York.” — that's all — 









^" 


rene 


$ 






P ad 
33 GREENE STREET. NEW YORK 13.4. У. 
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New Parts and Materials continued 
weight, and show very long wear life 
After being tested for four years 
production, and on assembly lines, 
check on these gages showed no meas 
urable wear. 

A special wear check plug is pro 
vided with each ring to detect any 
possible wear. Every gage produced 
is a registered gage with a serial num 
ber engraved on the metal. Its lead 
angle, diameter, and hardness ar 
kept on file 

The Pipe Ma hiner) ( 


938 E. 70 St., Clé 


veland, O 


Mercury Plunger Relay 
For Three Wire Operation 


relay, which is used for three wir 
operation 1s said to offer good servi 
for lock-up relays, off-on push buttor 
control, traffic light operation, and 
other applications. When 
made, the in-put line connects to th 
two isolated circuits 

The tungsten 
metically sealed in vacuum or hydro 
gen filled glass tubes 
ump at 115 v a-c or 25 amp at 
d-c can be handled by this new relay 

The sealed construction allows fo 
safe operation under all operating con 
ditions, and the elimination of 
posed arc permits safe use in explosive 
atmosphere. The model EM-10 meas 
ures 33 in. wide, 43 in. high, and 
ІП. деер. 


contact 


contacts are he: 


Loads up to 4 


า ว 
() \ 


ог ех 


lectronics Co., 185-09 Jamaica At 
Hollis, L. I., N. ¥ 


Flexible, Bellows Type 
Pipe Connector 

Fabricated of chemically inert tef 
lon, a new bellows type connector has 
many pipe line applications wher 
vibration, expansion and electrolysis 
exist in the handling of corrosive 
liquids or gases and solvents. The 
new connector is electrically non-con 
ductive, flexible at —94 F, and as 
strong at 480 F as at 70 F, according 
to the manufacturer. 

This bellows connector serves as 
vibration dampener as well as an ex 
pansion joint. It connects misaligned 
couplings and insulates flanges electr 
cally. End flanges of the joint ar 
French-type envelope gaskets made и 
tegral with the joint for easy assemb! 
between companion flanges and a tight 
leakproof seal on installation 

Crane Packing C 
1800 Cuyler Are., Ch 13, 1 TH 


customer - 
conscious... 


You are treated like a customer when 


9 





you deal with The Bunting Brass & 
Bronze Company. It is a tradition in 
the Bunting organization to consider 
the good will of the customer as the 
ost important factor in the transac- 
tion. Bunting customers find that 
Bunting resourcefulness no less than 


Bunting products, is made available 


when needed . . . Ask any Bunting 


customcr. 


RE YER! сч Уу {it Anii et lw ON 11. 


BRONZE BEARINGS * PRECISION BRONZE BARS * BUSHINGS 


a 
О, 


THE BUNTING BRASS & BRONZE COMPANY * TOLEDO 1, OHIO * BRANCHES IN PRINCIPAL CITIES 
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MEETINGS 









WHAT ARE YOUR INDIVIDUAL 
NEEDS FOR A 


HEAT EXCHANGER 
COOLER or CHILLER 








| March 11-14 


SOCIETY OF THE PLASTICS INDI 
rRY—Fifth National Plastics Expos 
tion, Convention Hall, Philadelphi: 
Penna. 








March 17-21 


AMERICAN SOCIETY OF TOOL EN 
NEERS—Annual Meeting and Indu 
trial Exposition, Chicago Amphithea 
tre, Chicago, Ill. 




















March 20-21 
T ? ы: 
pare PF «eR PRESSED METAL INSTITUTE —Sprit 
19 ab МА I 
wre М wat Technical Meeting, | Hotel Cart 


Cleveland, Ohio. 









March 22-April 6 


CHICAGO INTERNATIONAL TRADI 
FAiR— Navy Pier, Chicago 


for heating or cooling... 


WATER-HYDRAULIC OILS - LUBRICATING OILS 
COOLANTS - CUTTING OILS - OTHER LIQUIDS 


Our engineering department will gladly assist 
you, just as it has numerous other organizations, 
in design and selection of proper exchanger for 
your particular requirements. 












March 24-25 Е 





AMERICAN Hor DiP GALVAN 
IZERS | ASSOCIATION— Annual Meet 
ing, Drake Hotel, Chicago, Ill. 























March 24-26 






AMERICAN SOCIETY OF MECHANI 
CAI ENGINEERS Spring Meeting 
University of Washington, Seattl 
Wash. 


March 26-28 










A heat exchanger specialist from the factory is 
immediately available. Just call Providence, R. I., 
GAspee 1-2600, wire or write. 









SOCIETY OF THE PLASTICS INDI 
TRY, PACIFIC Coast SECTION—An 
nual Conference, Hotel del Coronada 
Calif. 


March 26-28 





AMERICAN POWER CONFERENCI 
Annual Meeting, Sherman Hotel, Ch 
cago, Ill. 


March 


PACKAGING MACHINERY МАМ! 
FACTURERS INSTITUTE—Semi-Annual 
Meeting, Hotel Dennis, Atlantic City 
N. J. 


April 1-4 
NATIONAL PACKAGING EXPOSITIO) 
AND CONFERENCE ON PACKAGIN: 


PACKING AND  SHIPPING—Atlant 
City Auditorium, Atlantic City, N 





30-31 



























April 21-24 
. NEERS— National Aeronautic Me 


ing and Aircraft Engineering Displ 


| SOCIETY OF AUTOMOTIVE EN 
| New York. 


Hotel Statler, 








April 29-30 


METAL POWDER ASSOCIATION 
Annual Meeting and Show. Drake H 
tel. Chicago, Ill 
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Metallurgical analyses are important. Photomicrographs are good. 


2 









But when the chips are down and production bas to hump — smooth, == 
Cr 

trouble-free machining in your stainless steel castings is a positive must 5 
^ 

to keep down expense. CX 
* - 







And thats what WAUKESHA FOUNDRY provides. But there's a 
bonus, too. Several, in fact. WAUKESHA Stainless Steel Castings are 


Aru 





н: гъ а аі 


мес ЗЕ fik Anii Hilis 


porosity-free (even to pinholes). They're dimensionally correct — and 
checked for it. Smooth in surface, close grained in section they give you 
cost-cutting, corrosion-resistant, exceptionally long wearing parts for the 


equipment you design and make. 


Why? Because all WAUKESHA Castings are laboratory controlled 
from the foundry sand to the finished pieces. Not just occasionally — 


but every day! 

















Here’s our offer: prove a WAUKESHA Casting 
by your own tests with a casting made from your 
own pattern! Fair enough? Just send that pattern 


along! 


Heart of WAUKESHA’s quality and pro- 


duction control are the metallurgical laboratories. 
Daily tests of ingots, sand and every heat. Fully 


equipped for complete physical and chemical tests. | 
j 












Give your corrosion-resistant casting problem to 
WAUKESHA to solve. Send along a blueprint and a 
description of performance requirements. Quite pos- 
sibly WAUKESHA can save you money by recom- 


e in WAUKESHA METAL—a famous Waukesha Foundry (0. 


EQUIPPED TO SERVE YOU FROM 


BLUEPRINT though the finished casting 











1316 Lincoln Avenue 
WAUKESHA, WISCONSIN 
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THE ONL / 
| GAST гоѓагу 


Oil-less 
AIR PUMPS 
never need it! 


Above — Oil-less 
Model 1550 — 8 
to 10 C.F.M 


Right — Oil-less 
Model 3040, end 
plate removed 
From 17 to 24 
CFM 


Three things about these pumps 
are outstanding: 


FIRST — They run entirely without oil 
in the pumping chamber. Four carbon 
vanes in rotor lubricate themselves 
through thousands of hours of opera- 
tion. Ball bearings are greased and 
sealed for life. You can forget oiling 
problems! 


SECOND — They completely elimi- 
nate oil-mist in the air delivered. 
Used for both vacuum and pressure 
they can't contaminate your product 
or material with oil droplets. 


THIRD — They're built with tradition- 
al Gost precision — for years of high 
performance and dependability. 


IF THESE QUALITIES offer solutions 
to your original equipment problems, 
write Gast. Oil-less models from 10 
to 20 inches vacuum — 3 to 10 Ibs. 
pressure — 3.5 to 24 C.F.M. 


$66 Ouf 
CATALOG 


„ДЕГ 
เ ๓ 


Write for new Data Sheet 
on Oil-less Pumps, show- 
ing 3 types and rating 
tables. 


Original Equipment Manufacturers 
for Over 25 Years 


LASTS атт. 


AIR MOTORS - COMPRESSORS - VACUUM PUMPS 
TO 1 ๒ ย ย | ต ด то 29 18; ' 
GAST MANUFACTURING CORP., 139 


0 18 เพ 6 ศ 11 


liakley St., Beaton Harbor, Mich 
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ENGINEERING 


ABSTRACTS 


Nickel-Aluminum Bronze 


Abstracted from "Nickel 
Bronze” by J. S. Vanick, 
September, 1951 


Aluminum 
Foundry, Aug., 


Nickel additions to copper-base al- 
loys containing 8 to 10.5 percent alumi- 
num produce such beneficial effects as 
grain refinement, improvement of hard 
strength 


properties and increased 


ening qualities, mechanical 
ind physical 
esistan 

Nickel 
rood Ink hanical 


to corrosion 

exhibit 
1 strength up to 750 
Good oxidation 

ıded by th 


ealing oxide 


bronzes 


aluminum 
resistance 15S pro 
formation of a tenacious, 
film that forms at 

These alloys are 
ised for moulds, dies, neck rings and 


high temperatures 
ngers in glass manufacture and for 
steam plant equipment, in- 
ternal combustion engines and in some 


rvice in 


hemical engineering applications. The 
higher nickel used for 
Such an al- 
composition of 62 
nt copper, 7 percent aluminum, 
ercent nickel, and 7 percent zinc, 
| a maximum of 1 percent iron and 
i 
p rcent 


h h eh hardnes 


grades ar 


high temperature service 


WO Id have 


ici 


and strength of 
10/4/2.5 iluminum-iron- 
| alloy ( grade 9C of the A.S.T.M. 


ification) make possible its use for 


р‹ rcent 


applications, especially 
dry running, or actual 
hardness 
mpi ratures 1s a 
ture this type of service 
Aluminum bronzes having a Brinell 
hardness of the order of 200 possess 
resembling 
Where especially 
machinability 15 


nay be introdu ( 1, 


retention of 


useful 


+ 


ichining characteristics 


those of mild steel 
lead 
but the presence of 
heat-treat- 
also in some 
should be used 


high essential 


lead hinders response to 
ment and is deleterious 
other respects Lead 
with Ca | 

Nickel-aluminum bronzes can read- 
ily be welded, brazed, and hard- and 
soft-soldered. Difficulties at one time 
encountered in  soft-soldering 
been overcome by use of 
phoric acid as a flux 

The nickel-aluminum bronzes re 
emble steels in their response to heat- 
f. and the influence of nickel 
losely similar in the two cases: its 

is to slow down transformation 

bilize structure: the mechani- 


nickel-containing 


have 
orthophos- 


treatmer 


TYPICAL PROBLEMS / 
Coming TMI Way: 


"The medicswant 
STAINLESS 

STEEL BONE 
SPLINTS...must 

be high strength, 
corrosion resistant 
and be infection- 
proof. W bat tubing...?' 


"Can you make a 
STAINLESS tubing to 
operate at 1500° 
in our highly cor- 
rosive solution? It 
will double our pro- 
duction rate!" 





"Тһе nature of these 
Geiger Counters re- 
quires tubing that 

is machinable, 
non-magnetic 

and polished in- 

side. It, of course, 

has a special elec- 
trical resistance?” 





“In the design of this air- 
craft fire control, the 
Stainless tubing should 
have a new со- 

efficient of expan- 

sion. What do you 
suggest to accom- 
plish...?” 








| Producers of 
QUALITY Small Diameter 
Stainless Steel 
Tubing Since 1941 


IT'S A CARDINAL PRINCIPLE 
TO COME UP WITH THE 
RIGHT ANSWERS AT TMi. 
YOURS? Of Course! 


TUBE METHODS INC. 


METALLURGISTS « ENGINEERS « MANUFACTURERS 


BRIDGEPORT (Montgomery County), PA 
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THE WIRE 
WiTH THE Perfect Temper 


25 
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Many a production man thinks Chase engineers are 


(ite пли 


“angels” for producing wire that unwinds from the coi 






smoothly and without twist. It's uniform in gauge, temper 


and color; has superior heading or flowing characteristics 


[here's a Chase wire for most applications. Write for 
FREE booklet—“Chase Cold Heading Extruded Brass 
and Copper Alloy Wire” giving physical and fabrication 


„тм г 4 ¥ 


properties. applications, weiehts per 1000 feet and feet 


per Ib 





CMP orders. We can make favorable mill deliveries on 
authorized Controlled Materials orders. In many cases 
our warehouses can ship from stock. Your inquiries 
are invited. 








@ CHASE TECHNICAL SERVICE 
Qur metallurgical engineers are familiar with militarv specifi 


cations for brass and copper for ordnance components, and 
will be glad to consult with vou on the selection of the 


metals for defense orders 


Chase PD BRASS & COPPER 


WATERBURY 20, CONNECTICUT e SUBSIDIARY OF KENNECOTT COPPER CORPORATION 
















e The Nation's Headquarters for Brass & Copper 

















Albany? Cleveland Kansas City. Mo New York San Francisco 
Atianta Dallas Los Angeies Ph ladeiph a Seattle 
Baltımore Denver? M lwaukee Pittsburgh Waterbury 
Boston Detroit M nneapo! s Providence а 

Chicago Houston Newark Rochester * wn" 


e fe 
C.ncinnat Ind.anapol.s New (leans St. Louis stice oniy 
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TERITE 


developed by Westinghouse 


WHEELER 


Service under military and naval field conditions has sharply emphasized the 
importance of adequate moisture-proofing for transformers, coils and related com- 
ponents in many types of electrical apparatus. FOSTERITE* materials and methods, 
developed by Westinghouse and applied by WHEELER under license, now provide 
























































an economical, practical and highly satisfactory solution to such problems. FOS- 








TERITING, in effect, completely seals and encapsules each unit in a neutral, stable, 








permanent moisture-proof jacket 








FOSTERITED Wheeler Components will meet exacting military and industrial 











specifications with full assurance of long-range performance. The process can be ap- 








plied either to your own components shipped to our plant or to components devel- 








oped by our engineers to meet your specifications 








Capacity will naturally be limited. We suggest you get in touch with us at once. 











* Westinghouse Elec. Mfg. Co 











MAGNET WIRE 








COILS 











COMMUNICATIONS 
EQUIPMENT 


WHEELER ™™™ 


MAKES THESE РАОРИСТ$ А % 42262 ( 7 
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THE WHEELER INSULATED WIRE CO., INC, 1103 EAST AURORA ST., WATERBURY 20, CONN. 
Division of The Sperry Corp 
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aluminum bronzes may be varied oy 
a relatively wide range by suitab 
heat-treatment conditions. A typic 
treatment for the 5 nickel, 5 iron, | 
aluminum alloy would consist in hea 
ing the casting at 1600-1650 | 
(870-900 C.) for 1-3 hours, quen 
ing, tempering for 1-3 hours at 110 
1150 F. (530-620 C.), and aga 
quenching. 

Modification of this heat-treatme 
(higher quenching temperatures ‹ 
lower tempering temperatures ) , ma 
be applied to develop higher hardne: 
Softening may be achieved by raisi: 
the tempering temperature or the tin 
of treatment. It is considered that 





much work still requires to be done to 


establish fully the potential value ot 
heat-treatment for these alloys. wit! 
particular reference to the modificatio: 
obtainable by precipitation-hardening 

The final section of this article ri 
views some typical applications of t! 
nickel-aluminum bronzes: these ar 
noted below: 


Aircraft Parts: propeller hub bush 
ings and bearings, and fastenings 
valve guides and valve seats. 

Dies and Gears: dies, forming tool 
and fixtures, in which good hardnes 
and low frictional drag can be secured 
rolling-mill screw-down nuts, washers 
slippers, et 

Marine Engineering: ships prop 


lers, in which the cavitation-resisting 


qualities of the alloys are utilized; rud 
ders, propeller caps and stern tul 


bearings are further applications, also 


various types of marinc valve. 


Power Plant: steam valves, pumps 


and accessories, combining the advar 
tages of strength at elevated tempera 
tures with high hardness and resist 
ance to corrosion 

Electrical Equipment: welding-el: 
trode holders, holders for electric mo 


tor brushes, transformer fittings, and 


certain tyes of switchgear, applica 
tions in which use is made of the al 
most non-magnetic character of th 
material, combined with its hardt 
and high strength 

Chemical Plant and Equipment 
various branches of this industry, « 
paper, textile and petroleum pla 
the corrosion-resisting qualities of 
nickel-aluminum bronzes are of 
vantage, considered in conjunct 
with their physical and mechani 
properties. In comparison with ot! 
copper-base alloys they give bet 
resistance to gases containing sulp! 
dioxide, hydrogen sulphide, or 
concentration of oxidizing acids 

Hydro-electric and Water Wor! 
tlood-control valves, pumps and 
dro-electric control mechanisms rep 
sent current applications, also ste: 
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Easily modeled —at room temperature-new Continuous extrusion at room temperature. Low-pressure heatless embossing shown 
plastigel made from VINYLITE Dispersion Plastigel quickly softens and flows easily by use of intaglio rolling pin. Plastigel made 
Resins can be worked by hand like putty — when kneaded. Even hand pressure forms it from VINYLITE Resins also calenders readily, 
stiffens at rest, retaining shape, dimensions, into ribbon, rod, or tube. Fusing may be picks up details, retains them during subse- 
details. Support needed only for heavy sec- achieved by passing through hot CARBOWAX quent fusing process. After fusing, this sheet 
tions. Bakes hard in 15 minutes at only 350° F. compound bath at 350°F. or oven baking. will be tough, flexible, wear-resistant. 
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Quick-stamping operations are easy with Dip-coating operations are speeded with plas- Shape retention under heat is illustrated by : Y 
plastigel formulations. Low pressure reduces  tigel formulations of VINYLITE Brand Disper- this wire screen holding plastigel. Plastigel p 


die and equipment costs. Trimmings can be 
reworked. One mold serves for unlimited im- 
pressions because unfused plastigel stiffens 
and can be removed at once for baking. 


SIX PICTURES WORTH A THOUSAND IDEAS! 


sion Resins. Plastigel (right) permits heavier 
coating in one application, is readily colored. 
Follows details closely, sticks fast, forming a 
tough, continuous, protective film. 


New Plastigels — Made from VINYLITE Brand Resins 
— Open New Design and Production Opportunities! 


Now — plastigels made with VINY- 
LITE Brand Dispersion Resins offer 
you a new source of plastic parts and 
products made with far simpler tech- 
niques arid lower costs! They prom- 
ise fast, convenient plastics produc- 


tion, for they can be worked at room 


Be sure to visit the 
BAKELITE EXHIBIT, 
Booth 314-324, 


NATIONAL PLASTICS 
EXPOSITION, 
Phila., March 11-14. 
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temperature, with low pressure, on con- 
ventional equipment — even by band! 

The properties of plastigels for- 
mulated with VINYLITE Dispersion 
Resins can be adjusted to match those 
of familiar VINYLITE Brand Plastics. 
They ll bring you big savings in time 


A Division of Union Carbide and Carbon Corporation, 30 East 42nd Street, New York 17, N.Y. 


won't melt, sag, or run excessively. Standard 
plastisol (left) softens and runs through mesh 
when heated. Plastigel hardens in fifteen min- 
utes at 350° F 


and money. Ask your plastics molder 
about using them for parts, accesso- 
ries, coatings, fittings . . . hundreds 
of new articles and applications! 
They have the unique qualities that 
make VINYLITE Brand Dispersion 
Resins and Plastics so useful to scores 
of products in defense and industry. 
Learn about them now. Write Dept. 
ME-10. 


Seq 


‘it mie 


ЕЕ wuts 





































































30 DAY DELIVERY 


0-M CYLINDERS 


AIR HYDRAULIC WATER 
MORE POWER in less space 


a LESS COST 


O-M is All Cylinder—pack- 
ing more power per square 
inch than any other type! 
No tie rods or bulky end 
caps, saves 1⁄3 in installa- 
tion space. In full range of 
sizes from 11⁄2” to 8” bores. 
All machined steel with 
bearing bronze. Parts and 
mounting brackets fully in- 
terchangeable. Special de- 
sign standard parts appli- 
cable to almost all “custom” 
installations. 


« ค 
& 
` 
2 


TEMPLATES 
Complete set, 
Shows oll cylin- 


NEW CATALOG 
28, diogrom- 
pocked poges of 
specifications ders and mount 
ports listing ond ing brockets. '/ 
other information ? d scole. 


—— ————— م 


| , | 
IORTMAN-MILLER MACHINE CO. ! 
| 1218 150th St., Hammond, Indiana | 
А! по cost or obligation... 
[] Send me your new, complete catalog. 
[] Send me o complete set of Templates. 
Nome. - m — 
Firm — 
Address 
ica ВО 


MAIL COUPON TODAY! 
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valves, guides and gates for valves; 
pump impellers and housings. | 
Nickel-aluminum bronze castings in 
the lower-alloy range are being regu- 
larly made by permanent-mold proc- 
esses, and vacuum-cast alloys of nickel- 
aluminum bronze are in daily produc- 
tion for hundreds of small castings. 


Plastigels 


Abstracted from "And Now The ‘Plasti- 
gels’ by Richard W. Quarles, Edward T. 


| Severs, Arthur C. Frechtling, and Hugh S. 


Carpenter. Modern Plastics, January 
1952. 

ORGANIC LIQUIDS can be converted to 
gels by the addition of various thick- 
ening agents, such as metallic soaps. 


When these thickening agents are 


| added to vinyl resin plastisols, the 
| latter are converted to putty-like sub- 
| stances which have been given the 


name of "plastigels." 
Plastigels may be extruded, calen- 


| dered, molded, spread, embossed, or 


otherwise manipulated at room tem- 
perature under pressures that are not 
much above the pressures used for 
processing ordinary plastisols. Formed 
plastigels retain shape and detail dur- 
ing fusion at temperatures of 300 tO 
100 F. 

As an example of the retention of 
detail, a sound recording was stamped 
into a plastigel. After fusion out of 
contact with the mold surface, the plas- 
tigel stamping was found to have 
picked up and retained the groove 
pattern. with. sufficient fidelity to play 


| a recognizable tune on a phonograph. 
E } 


Application of Plastigels 


Plastigels may be handled by many 
of the conventional methods of fabri- 
cating plastics but the pressures re- 
quired are lower, leading to lower 
machine and mold costs. Extrusion 
is one process particularly well adapted 
to plastigels. The pressures required 
for extrusion of plastigels are but a 
small fraction of those required for 
hot processing of vinyls. Die design 
is not difficult since, under the low 
pressures used, there is a little distor- 
tion in the extruded shapes. High 
speeds can be achieved because the 
products have sufficient cohesion so 
that they may be fused subsequent to 


| extrusion. 


Thick wall plastigel tubing of small 
diameter, as well as sheeting, has been 


| extruded and subsequently cured by 


festooning in an oven without meas- 
irable distortion. Extrusion into a hot 
bath has proved even more desirable 
because of the supporting effect of the 
liquid and the faster heat transfer. 


1 
Plastigel tul 


ing has been success- | 


COUPLINGS 


FOR POWER TRANSMISSION 
REQUIRE NO MAINTENANCE 


Patented Flexible Disc Rings 
of special steel transmit the 
power and provide for mis- 
alignment and end float. 


Thomas Couplings have a wide 
range of speeds, horsepower 
and shaft sizes: 
'^ to 40,000 HP 
1 to 30,000 RPM 


Specialists on Couplings 
for more than 30 years 


BACKLASH 
FRICTION 
WEAR and 
CROSS. PuL 
are eliminated 


lubrication is 


PATENTED not required! 


FLEXIBLE 


THE THOMAS PRINCIPLE GUARANTEES 
PERFECT BALANCE UNDER ALL 
CONDITIONS OF MISALIGNMENT. 


NO MAINTENANCE PROBLEMS. 


ALL PARTS ARE 
SOLIDLY BOLTED TOGETHER. 


Write for the latest reprint 
of our Engineering Catalog. 


THOMAS FLEXIBLE 
COUPLING CO. 


WARREN, PENNSYLVANIA 
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lly fabricated with a low pressure 
bber exttuder. It is probable that 
ichinery designed for the extrusion 
clay or ceramic products can be 
adily adapted to fabricating plasti 
ls into pipe, tile, and simi ilar prod 
ts. 
Calendering of plastigels under low 
ressures is feasib Ме for coating cloth, 
iper, felt, and. similar materials or 
or preparing unsupported sheets. Th. 
hb are fused after calendering 
Molding and stamping offer promise 
s simple methods of fabricating plas 
gels. Very fast cycles are possible 
since the objects merely need to be 
ormed in the mold and may be fused 
1 a subsequent operation. Delicate 
nserts are not disturbed because only 
)w pressures are required 


Unlimited Color Range 


Compounds suitable for hand 
nodeling have been made in an un- 
imited range of colors. Products 
range from a Shore A hardness of 100 
to very soft. Filled compounds have 
much the same working characteristics 
15 P" modeling clay, but with 

advantage that they may be cured 
at เล ا‎ available in a domestic 
oven. Models, flexible molds, tool 
handles, and orthopedic and prosthetic 
appliances are a few of the objects 
that have been molded from plastigels 
Ihe low density and non-shattering 
property of plast tigels suggest that they 
may plise ceramics for equipment 
to resist inorganic acids and alkalies 
at room temperature. Caulking com 
pounds and tailor-made gaskets which 
may be fused in place are other possi 
ilities. 

Since only low pressures are re 
quired to form plastigels, they can þe 
ap plied as potting compounds for pro 
tecting coils and intricate electrical 
connections without disturbing delicate 
onnections Flexibility and low 
shrinkage during curing are valuable 
properties in this type of application 


Low Viscosity 


Spreac ding on cloth or paper at hig 

speed requires products of е у 
low viscosity. Plastigels thinned with 
volatile diluents spread readily and 
after the mild drying required to evap- 
orate the diluents regain their plasti 
gel - Thus, plastigel coated 
products may be rolled, embossed, or 
otherwise handled before fusion if de- 
sired. Advantage can be taken of the 
control of flow offered by the plasti 
gels to coat open-weave cloth or to 
prevent penetration of coatings into 
porous surfaces. 

Heavy but uniform dip coatings are 
feasible with plastigels. It is not neces- 
му to preheat the object before dip 
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Twin Disc Models 





MTU and MTS | 
Machine Tool Clutches 
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America’s productive might is almost ow 
t. 

unbelievable ... until you step into any factory se 
and see what just one machine can do ka 
One reason for the tremendously fast, even (> 

~ 











split-second, work-cvcles of thousands of 
machines is improved power transfer mechanisms—like« 
Twin Disc Machine Tool Clutches. 


For Twin Disc Machine Tool Clutches are pretty we ll standard 








in the machine tool industry—just as other types of Twin Disc 
Clutches are standard in other fields. 


These units combine high clamping — y with comparatively 


їл т 





low lever pressure, high torque capacity, single point 








adjustment—all in compact space. Thev'r« แล ด หือ ง ร อ สี Бу 





centrifugal action, are precision-built, and rated for trouble-free 








performance, In other words, “they wear like a bearing and 
perform like the best friction clutch.” 








That's why they play so important a part in America's 
production capacity. 


, , , , , , |J , 
. ~ Remember, too, that Twin Disc, world's leading industrial clutch 


manufacturer, ts a pioneer in industrial fluid drives such as Hydraulic 
Couplings, Hydraulic Torque Converters, HY DRO-SHEAV FS and 
HY DRO-WYNDS,. 
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LAMINUM 


ally bonded together. Peels easily with o penknife. 


LAMINUM, the metal that pe 


STANDARD STOCK 8” x 48” SHEETS 
BRASS AND STEEL 


002 inch 003 inch 

Gauge laminations laminations 
.006 x 

.008 x 

010 х х 
016 х х 

020 + x 
.032 x x 
.048 x x 

062 xt xt 

09411 xt хї 
‚12611 x! x! 






tAlso available os half laminated brass 
ond half solid brass 
fftAvailable in brass only. 


























LAMINUM shim you want 


upon special order. 


loss without shaft scoring 


NEERS HELP YOU ... 
gning shims for 37 
lem of yours at us? 


LET OUR ENGI 
We've been desi 
throw that prob 
gation, of course. 












Рә | & 
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STAMPINGS 








LAMINUM looks like solid metal. but it's actually made up of 002 or .003 inch layers of first quality shim stock, metollic- 


SHIM SIZE IS VIRTUALLY UNLIMITED 


We've made some shims as large as 102 inches across—and others as small as your 
fingernail. With special joints developed over the years, we can make any size 


years. Why not 
There's no obli- 


The solid shim stock 
that P-E-E-L-S for adjustment 





els, comes in a wide range of thicknesses and lamina- 
tions. Here is the bas:c information on this versatile, money-saving material. 


PROPERTIES & SPECIFICATIONS 


BRASS Raw material is a commercial half hard 
high brass conforming to Federal Spec. QQ-B-61 1a, 
Comp C, half hard (5/27/44). The laminated 
brass conforms to Navy Aeronautical Spec. S-122, 
Aeronautical Material Spec. AMS-4508, Navy Ord- 
nance Spec. 47 B6 


STEEL — The raw steel used in LAMINUM con- 
forms to Federal Spec. QQ-S-636, Condition 2, as 
well as SAE-1010. There are no government speci- 
fications on the finished steel LAMINUM. 


Normally all LAMINUM stampings are made 
by us to our customers’ specifications. How- 
ever, for repair and maintenance work, some 
of our standard stock is available from your 
industrial distributor. 


Other than standard thicknesses and lamination arrangements can be supplied 


BABBITTED SHIMS PREVENT OIL PRESSURE LOSS 


Shims for use in split bearings can be fitted with babbitt lugs to prevent oil pressure 


SEND TODAY 


FOR OUR ENGINEERING DATA FILE 
with all the quick facts on LAMINUM plus 
a free sample for your inspection. 


*LAMINUM is used primarily for shims. But 
these facts may spark other thoughts that 
we'd be happy to help you develop. 


LAMINATED SHIM COMPANY, Inc. 
3 UNION STREET C USTOM SH / MS GLENBROOK, CONN. 





SHIM STOCK ANCORLON WUTS 
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ping to prevent sagging and dripping 
Wire and cordage may be uniformly 
dip coated; even heavy spring coating: 
can be more readily controlled witl 
gelling agents than by the evaporatio: 
of volatile diluenys. 

The preparation of plastigels fron 
vinyl dispersion resins involves only 
minor modification of the familia: 
plastisol techniques. Plastisols are pre 
pared in the сопу entional manncr, and 
the incorporation of a gelling agent 
the only additional step 


Wear of Metals 


Abstracted from paper “Hardness, Elastic 
Modulus and Wear of Metals” by T. | 

Oberle presented at SAE Annual Meeting, 
January 14-18, 1952, Detroit, Michigan 
PAST EFFORTS to reduce wear have al 
ways been aimed at increased strength 
and hardness of materials. This aj 

proach has been quite successful, but 
we are more and more frequently faced 
with ceiling limitations of maximum 
hardness which may be obtained. Ad 
ditional gains are possible in the di 
rection of minimizing the build-up 
of loads on metal surfaces. Reduced 
surface loads are cbtained by reducing 
the elastic modulus of a material. The 
combination or high hardness with low 
modulus should result in superior wea: 
resistant materials. 

The limit of elasticity of metals 
Figure 1, is that point where th 
stress-strain curve deviates from 
straight line. This point may be iden 





FIG. 1. Typical stress-strain diagram for 
metals. 


tified as either the elastic limit ‹ 
stress or the elastic limit. of strai 
The elastic limit of stress usually 
reported for engineering materials 
the yield strength of the material. T! 
elastic limit of strain is seldom 
ported as such, but an indication of ; 
magnitude can be obtained by dividin 
the elastic limit of stress of a mater! 
by its elastic modulus. 

High hardness, sought after to i: 
crease wear resistance, actually i: 
creases the amount of elastic deform 
tion that can be tolerated by a ste 
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Investigate die-formed 


‘COMPO ana POWDIRON parts! 


Parts die-formed by powder metallurgy methods from "COMPO" porous bronze 
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and "POWDIRON"' sintered iron are ready for installation when they reach you. 
They're accurately die-formed at Bound Brook to the final dimensions you want. 
There's no need for machining operations at your plant! 
When you specify "COMPO" and "POWDIRON" parts in your product designs, you 


free critical tools and skilled manpower for other tasks. And you can speed up 
production, because "COMPO" and "POWDIRON" are in freer supply 
than some other materials. 


Write on company letterhead for informa- 
tion on “COMPO” and "POWDIRON". 


“COMPO” 
Beller Buy Bound Brook "покон" 


"BOUND BROOK” 


BOUND BROOK, N. J. . BOUND BROOK 9-0441 
Manufacturers of bearings and parts — Established 1883 
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O FIT THE 
MACHINE 
AND THE JOB 


WISCONSIN-Powered "Coal-Chuter" 


Scooping as much as two tons of coal every minute from truck to coal bin takes husky 
power. It's delivered by the Wisconsin Heavy-Duty Air-Cooled Engine of this conveyor, 
built by New London Engineering Co., New London, Wis. 


Wisconsin Engine Power is your most logical choice anywhere in industry where power, 3 to 
30 hp. is needed. For example, there's fool-proof air-cooling, summer and winter. You 
also get sure-fire, any-weather starts due to an easily serviced OUTSIDE magneto with impulse 
coupling. And the chance of bearing failure is reduced because a Wisconsin Engine crank- 
shaft rides at both ends on tapered roller bearings. No wonder the maiority of builders and 


buyers of fine equipment choose Wisconsin Engines . . . power to fit the machine and iob. 


Write for "Power Magic", telling about all 4-cycle single-cylinder, 2-cylinder and V-type 
4-cylinder models. 
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Since the amount of elastic deform 
tion may be important in wear ph 
nomena, additional means of increa 
ing it should also be explored. A 
important method of altering the t 
tal elastic deflection of materials 

through control of the elastic moduli 

The elastic modulus of a materi 
is the ratio of stress to strain. Hig 
modulus metals, Fig. 1, have a ste 
slope since a high stress causes rel 
tively little elastic strain. Low mod 
lus metals have a shallow slo} 
showing that a small stress results 
a relatively large elastic strain. 

Large amounts of elastic deflectio 
may be achieved by the selection « 
materials which have high strengt 
and low modulus. This combinati 
does not occur commonly in metal 
but both the elastic limit and the ela 
tic modulus of metals are controllab! 
within limits 


A convenient value for the total 


elastic deflection possible for a ma 
terial may be obtained by dividi: 
the Brinell hardness of a metal by 


anne 
tor £ 
some 


elastic modulus. This replacement of tine Í 
elastic limit of stress by Brinell hard exist 
ness may be justified by the close re graph 
lationship that exists between them graph 

The ratio of Brinell hardness to Sh 
elastic modulus, multiplied by 10 hardr 
will be called Modell in this paper gray 
Materials are listed in Table I in squar 
order of decreasing Modell. Model! coars 
gives an indication of the depth 0! persi 
data 
show 
incre; 


Worids Largest Bujld« rs of Heavy-Duty Air 


WISCONSIN MOTOR CORPORATION 


( d Engines 


3 ۸ A «rt " A ай è ۸ LI \ 
แ ๓ 0: E р E Дея IN 


TABLE I-—Model Values for 
Various Materials 
crease 
from 
wear 
вы . . be ca 
harde 
Alundum ( A L203) Bonded maxi 
Chrome Plate... Bright 3 high 
Gray Iron В Hard 33 ug 
Tungsten Carbide 9% Cobalt 2 stren 
Steel... ...| Hard tic m 
Titanium. ..| Hard Po 
Aluminum Alloy Hard o> 
Gray Iron As Cast - 
Structural Steel Soft ว oxide 
Malleable Iron Soft 5 suital 
Wrought Iron Soft_ of lo 
Chromium Metal As Cast ) 
Соррег. .... Soft 2 i 
Silver.. Pure ) ered 
Aluminum Pure 2 сано! 
x : ШИ... Риге 2 for c 
cut to your specifications. Racks... Ta... m Pure , ihe f 
sprockets ... spur... bevel... spiral "E 
AS 


Condition 


Material 


"v 


IN GEARS MADE TO YOUR SPECIFICATIONS 


on c 


Gears for every industry are precision 


... Zerol ... worms and worm gears. 
Send blue prints or samples for prompt 
estimates on any quantity. 


STOCK SPROCKET CATALOG ON REQUEST 


penetration that a metal can toler: 
without exceeding its elastic lim 
Chromium plate will recover elast 
ally from more than 100 times 

amount of deformation that will ca 
tin to plastically yield. Materials « 
696 Glendale St. St.Paul 4, Minn. high Modell behave like a spri 
\ absorbing energy and preventing lo 
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n building up to a high value. 
[he low Modell materials of Table 
ave little capacity for absorbing 
rgy elastically. These low Modell 
terials are most suitable for use as 
rings. Low melting metals such as 
1 or tin are essential to commercial- 
acceptable bearing composition 
In addition to the inherent factors 
melting temperature and atomic 

volume which determine the general 

vel of elastic modulus, some metals 
susceptible to variations in elastic 
dulus that may be controlled during 
the fabricating, casting, or heat treat- 

g stages of manufacture. Some con- 
ollable factors that may alter the 

astic modulus of metals are heat 
treatment, interruptions, anisotropy. 

The success of gray iron in resisting 

gine wear is attributed by some en- 
gineers to the lubricating qualities of 

graphite Yet, malleable iron 
with the same amount of graphite 
annot be substituted successfully 
tor gray บ อ ก เถ many engine parts 

Some real differences in elastic proper- 

ties between malleable and gray iron 

exist as a result of the shape of the 
graphite particle independently of the 
graphite volume. 

Shuck reported elastic modulus, 
hardness, and wear om a number of 
gray irons cast in 1⁄4 to 1% inch 
square bars to produce graphite from 
coarse type A to fine eutectiform dis- 
persion. Curves plotted from Shuck’s 
data on seven unalloyed gray irons 
show: 1—Wear increases as hardness 
increases. 2—-Wear decreases as elas 
tic modulus decreases. 3—-Wear de 
creases as Modell increases. Data 
from various sources indicate that for 
wear applications, gray iron should 
be cast with coarse graphite flakes and 
hardened by heat treatment to produce 
maximum Modell, rather than obtain 
high hardness in an as-cast, high 
strength iron with resultant high elas- 
tic modulus. 

Powder metallurgy techniques per- 
mit combining of extremely hard 
oxides, carbides, nitrides, etc. with a 
suitable binder to yield an aggregate 
of low elastic modulus. Current work 
on ceramic-inetallic materials is cen- 
tered around high temperature appli 

tions in jet engines. A bright future 
for ceramic-metallic materials exists in 

field of wear applications. 

As a general rule, the difficulties of 
machining increase with the hardness 

the work. However, if the hard- 
ness is to be kept low for easy mach 

ng, the Modell value or wear resist 
ince may be increased by lowering thc 
elastic modulus of the material. Low 
ring elastic modulus improves resist- 

e to wear and at the same time may 

prove machinability 
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NATIONAL has a background 





















of over eight decades ' Ce 
in producing quality malleable, ร 3: 
heat-treated malleable and steel _ V ou 




















castings — ideal materials for 






‘mae 


ค 4( เ เภ เณ 


economy and dependability © ๒ 





in manufacturing automotive, 














agricultural and 28 


other equipment. 
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NATIONAL's unparalleled experience — 








coupled with a continuing metallurgical research program, 
rigorous quality control standards, 


and completely mechanized foundries 
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in strategically located cities — is at your disposal. 














Sales offices and engineering facilities 





are located at all five plants listed below. 


SEE 














A 16mm technicolor film. Narrated by 

Edwin C. Hill, this 27-minute film tells how 
malleable iron is made . . . tested . . . 

used . . . how its production economy, 
ductility, machinability, toughness 

will give you a better finished product 
Available for group showings. A 






































PLANTS LOCATED IN 


Sharon, Pa., Cleveland 6, Ohio, 
Indianapolis 6, Ind., Melrose Park, Ill., 
and Chicago 50, Ill. 


WATIOMAL MALLEABLE and STEEL CASTINGS COMPANY 


CLEVELAND 6, OHIO 








































STAR-KIMBLE 


BRAKEMOTORS 
are the best d----d* 


motors for positive 
start-and-stop jobs 


CARRIAGE TRAVEL LIMITS HELD WITHIN m 


...With Star-Kimble Brakemotors on Rivett Precision Lathes 


esigned throughout for exceptional accuracy in both 
Өс. and production work, the 1020S Precision 
Lathe' built by Rivett Lathe & Grinder, Inc., Boston, Mass., 
provides for stopping the carriage travel by means of limit 
switches. These switches control the power supply to a Star- 
Kimble Brakemotor. 


Precision dial indicator shows the accuracy with which the 
Brakemotor stops the carriage at the predetermined point. 
According to the Chief Engineer of Rivett, the stop mechanism 
of the lathe has been operated an almost unlimited number of 
times. Accuracy of the stop has been within .002”, every time! 


In thread cutting, the fast, accurate stopping of the Brakemotor 
permits the thread to finish up at identical positions on piece 
after piece. 


Wherever applications call for accurate, positive, split-second 
stops—and particularly for repeated starts-and-stops in the 
toughest of duty cycles—Star-Kimble Brakemotors have proved 
their ability to run for years with little or no attention. 


Get the full facts— write for free Bulletin B-501-A 


-KIMBLE 


MOTOR DIVISION OF 
HLE PRINTING PRESS AND MFG. CO. 


11 Bloomfield Avenue Bloomfield, New Jersey 
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Sans, Souci 


Ad Libbing By The Editor 


As the name, ‘Sans, Souci,” « 
this column indicates, it is writt 
without care. That fact was demo 
strated last month in the story, 
Story in Three Pictures". That sto 
as presented had a few errors in 
for the simple reason that tii 
marches on and we forget. And tl 
worst of it is we cannot remem! 
what we have forgotten. Otherwise 
wouldn't be forgotten 

Anyhow my good friend Ralph 
Richardson of General Motors set n 
straight. As he analyzes it the thr 
ads strikingly demonstrated the difh 
culty in getting a new invention o: 
development into use. Just to review 
the subject, ad number one dated 193 
put the locomotive builder on record 
with "the factors which have kep! 
steam the dominating power in Ameri 
can Railroading for over 100 years 
will continue to keep steam the dom 
nating power for railroad transport. 
tion for a long, long time to com: 
How long "a long long time" is was 
not stated. But it was only eight years 
later that the same company adver 
tised that there was quite a problen 
to determine whether diesel or steam 
power would be used for a specifi 
locomotive job. In this ad they can 
didly admitted that they couldn't tell 
didn't know and wouldn't say offhand 
which type of locomotive would be 
used because each railroad problem 
would have to be analyzed separately 
But whichever type of power fitted 
the job better, they could build it 
And then seven years after that cam: 
the newspaper story announcing that 
the company would no longer build 
steam locomotives, and that all of their 
shop facilities would be turned over 
to manufacturing diescl-electric loco 
motives. 

As Ralph Richardson pointed out 
to me, the two ads and newspaper clip- 
pings certainly demonstrated the tena- 
ciousness with which we hang on to 
the old ways of doing things. But 
there is another important lesson to 
be learned from this experience 
It is this: In only fifteen years tl 
tremendously far flung railroad 
dustry changed virtually complete! 
from steam to diesel-electric. It 
truly amazing that it should have taken 
only fifteen years to make the complet 
hangeover when we stop to think 
the tremendous capital investment 
volved. It is clearly indicative of + 
terrific impact of new scientific 
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*DESIGN — Recommendations made by Permite 
engineers for structural design changes 
based on the casting process, casting 
size, complexities or other factors, often 
bring the customer worthwhile savings 
and better casting performance. 
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*PRODUCTION — Over 30 years of experience in 
working with aluminum and its alloys 
are behind the skill and "know how" 
of our metallurgists, engineers and 
foundry personnel. 


буа а! 
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*QUALITY — Spectrographic analysis, X-ray inspec- 
tion, Zyglo black light ins ion, com- 
bined with other advanced inspection 
and quality control procedures guar- 
antee the quality of Permite Castings. 
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*DELIVERY — Permite's modern plants with a 
monthly capacity of over 2,500,000 Ibs. 
of aluminum alloy castings, and ample 
warehouse facilities favorably located 
for shipping, assure delivery of your 
castings when you need them. 


III £L МГУ 


{ 
Write for Bulletin 20-A describing 
. Permite complete facilities for serv- 
.ing your aluminum i ге- 
^ quirements. Send blueprints for 
` recommendations and estimates. 


ALUMINUM INDUSTRIES, INC. 


CINCINNATI 25, OHIO 


DETROIT: 809 New Center Building NEW YORK: 9 Rockefeller Plaza. CHICAGO: 64 Е. 


Jackson Boulevard ATLANTA: 413 Grant Building 


ALUMINUM PERMANENT MOLD, SAND and DIE CASTINGS...HARDENED, GROUND and FORGED 


STEEL PARTS 
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Sans, Souci .. continue 


engineering developments on our wa 

of living and our industrial machine: 

It also indicates the speed with whi 

3 0 S 9 7 е | new developments аге taking place 
From Hot to Cold to Super Hot 

ë | Frozen foods are relatively nev 

| Some freezers as we know them tod 

have been on the market in a big w 

Re MRI 


less than ten years. Frozen foods ha 
been sold for a somewhat longer tin 


But recently there was an announ 

ment that by means of a new quic 
DIAS PI super heating technique it is NOW po 

sible to can fresh milk, fruit juice 


and the like. Claims are made th 

the foods canned by this method a: 

far superior in taste, vitamins an 

nutrients than are the frozen food 

Maybe that is right and maybe it 

wrong. I don’t know. I am not a foo 

expert. But let us assume that it 

true. If it is true it will mean tr 
mendous sweeping changes especially 

in the marketing of milk. Also th 

Here's a plastic material for molded parts that will frozen food industry will be tremen eue 
i : E oo hat ài 
probably always be available . . . with a favorable dously affected. Obviously so. Th somet] 
cost factor . . . no matter what happens. It's a good lesson here is that we must expect and takes. 
substitute for castings, die castings, and scarce plas- be prepared to accept unsuspected 
tics for many parts. rapid developments in science and 


x i ; i technology. The rate of obsolescer« 
ACE-TEX is a black pyrobituminous material that's is increasing because science is moving 


best known for its use in ordinary auto battery cases. so fast that many products and method eer 
Containing no synthetic plastics or rubber, it has are out of date even before they р, 
excellent dimensional accuracy, chemical resistance, come firmly established. A The 
and smooth finish. It's particularly suitable for box- heads 
shaped parts, containers, covers, etc.—even imitation | those 
bronze plaques. It can be painted or lacquered. Re- | Not long ago I came across a m standi 
quires no cure time in molds—just cooling time. Take | chine designed by Ordnance Depa: situati 
a look at these properties: ment engineers. Perhaps it belong the m 
on our secret list so I will not go int learns 
details. Anyhow this machine had man € 
Specific Gravity some hydraulic cylinders on it whic! inferk 
Tensile Strength. Psi. were of very unusual design. Th sponsi 


| 
peculiarity of the design was that tl 


“ise one. ва. cylinders were assembled with the р 
Wardnees at 77". Shore "D" tons in them and then each of the tw: The 
Conti, of Expansion cylinder heads was put into positi who 1 
inch/Deg. C. and welded to the cylinder body. | about 
e other words, the cylinder ends coul seekin 
ES od not be taken off again without d the A 
Water Absorption stroying the whole unit. I asked t! into t 
chief engineer how they expected t ployer 
put in new packings or piston ring gazed 
ท HAVE A PRODUCT FACING A MATERAIS He ruefully shook his head and sa a pin 


SHORTAGE WHERE ACE-TEX MIGHT FIT, SEND US that they had called this whole matt โ cked 
A SAMPLE AND ASK FOR RECOMMENDATIONS. to the attention of the Ordnance er the be 


gineers and they refused to do any little 


ACE-TEX is one of many hard rubber, synthetic thing about it. They insisted that t! little | 
rubber and other plastics molded, extruded and cylinder was to be made as design refu 
finished at our two plants. Write ior valuable new It is, however, to the credit of t! vas h 
ACE Handbook oí hard rubber and plastics. Ordnance Department that soon aft: On 

ward they had a new engineer 

charge of the design and he immed 

ately changed it to have the ends ‹ 


erican Нога Rubber Company the cylinders held on by means 


screws, which is the way it sho: 


93 WORTH STREET + MEW YORK 13, N. Y. have been in the first place. 
Maybe the original engineer w 


unexci 


in the 
nine 
ап ех 
know, 


Privileged Stubborness 





Heat Distortion Temp. Deg. F. 
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s, Souci continued 


] because he had made too many 
stakes of this nature. I don’t know. 
maybe they promoted him to be 
olonel or a General. In any event, 
first reaction was onc of. wonder 
it an engineer could be so stubborn 
to refuse to acknowledge the ob 
us and glaring mistake in his de- 
n. lt is always better to acknow- 
a mistake gracefully and get the 


ige 
ing corrected than to attempt to 


illheadedly brazen it out. 

Unfortunately, it is human nature 

argue about the mistakes we make 
[he mental process goes about this 
way. First we deny it as a mistake 
[hen when it is no longer possible to 
leny the fact that it is a mistake, the 
ext tendency is to excuse it or blame 

on somcone else. When a situation 
ich as this develops it is sometimes 
the fault of management. 

[here are always some bosses who 
take the position that everybody's mis- 
ikes, except their own ot course, are 
inexcusable. They fail to recognize 
that any man who really accomplishes 
something must of necessity make mis 
takes. This is strikingly demonstrated 
1 the development of any new ma- 
hine even if it is another model of 
in existing design. As all engineers 
know, these new designs are tull of 
bugs . That sounds a lot better than 
calling them mistakes. 

Ihe men who are great leaders as 
heads of engineering departments are 
those who are rich in human under- 
sanding. Depending upon how the 
situation is handled by his superiors, 
the man who rnakes a mistake either 
learns something and becomes a better 
man or he is crushed and develops an 
inferiority complex. The greatest re- 


sponsibility of a boss is to build men. 


We Do Need Luck 


here is a story of the little boy 
who read in his Horatio Alger book 
about another little fellow who went 
seeking an office job. According to 
the Alger story, the hero finally got 
nto the office of a prospective em 
loyer and in his embarrassment he 
gazed around on the floor and saw 
| pin on the floor which he carefully 
picked up and put in a pin tray on 
e boss’s desk. The boss said to the 
ttle fellow, "You are so careful of 
ttle things that I know you will be 
reful about big things." And he 
5 hired immediately. 
One day the little boy who had 
ead this story went out to look for a 
and he shuffled into the office of 
prospective employer. He gazed 
und the floor. The employer was 
atly puzzled when the youngster 
oked at him and said, "Gee! tough 
k, no pin on the floor." —G. F. N. 


| LINEAR MOTIONS 
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The BALL BEARING for your 
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Sliding linear motions are nearly always troublesome. Thousands ¢ 
of progressive engineers have solved this problem by application 
of the Precision Series A or Low-Cost Series B BALL BUSHINGS. 










Alert designers can now. make tremendous improvements in their 
products by using BALL BUSHINGS on guide rods, reciprocating shafts, 
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push-pull ations, or for support of any mechanism that is moved 
or shifted in a straight line. 





Improve your product. Up-date your design ànd performance with 
BALL BUSHINGS ! 











Now manufactured for !/,", 1⁄2”, y4”, 1”, 1⁄2” and 214” 
shaft diameters. 
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LOW FRICTION ° LOW MAINTENANCE 
ELIMINATES BINDING AND CHATTER 
SOLVES SLIDING LUBRICATION PROBLEMS 

LONG LIFE ° LASTING ALIGNMENT 


Progressive Manufacturers Use Ball Bushings 
—A Major Improvement at a Minor Cost 


THOMSON INDUSTRIES, Inc. 


Dept. F, MANHASSET, NEW YORK 

















































Write for descriptive literature and the name of our 
representative in your city. 


















Also manufacturers of NYLINED Bearings — DuPont NYLON 


within a metal sleeve—for rotation and reciprocation. 
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CHACE BIMETAL 
MAKES THE 
BIG DIFFERENCE 


Product of: 
IN THESE M-P BREAKERS млан ое 


Jackson, Mich. 


The only external difference in these miniature breakers manufactured by 
Mechanical Products, Incorporated, is that one is black and one olive drab. 
But the BIG difference is that the OD is Trip Free — i.e. cannot be maintained 
closed against serious overloads — while the black may be forced to contact. 
This factor is of extreme importance in blowers, heaters and other devices 
requiring positive protection but with limits on weight and space. The M-P 
breakers weigh 2 ounces. 


Here's how they work: 


Non Trip-Free Black Plunger 
Type with closed tacts 


When the plunger is pressed in, the element assemblies latch in the 
position as in the right hand view, closing contacts "A". The current then 
passes through blades "B" and thermostatic bimetal elements "C" and "D". 
Resistance of the elements causes them to heat up under overload currents. 
The upper ends of the U-shaped elements spread apart, the springs "E" 
trip the breaker and the plunger retracts bringing the element-blade 
assemblies with it as in the left hand view. The non-trip free (black) plunger 
(right) may be held in, making contact whether the condition is corrected 
or not. The trip-free (yellow) plunger, however, works freely in and out of 
the element, the movement being actuated by the small stop “F” which 
impinges normally against the top. of the element. When the element 
opens up, the stop passes under and springs "E" move the element-blade 
assembly to open position. Contact cannot be forced. When the bimetal 
cools, the element closes up, the sloping boss lunder pencil point) permits the 
stop to slide under the element again as the plunger is pulled out to reset, 
ready for action. 

Chace Applications Engineers worked closely with Mechanical Products 
in the development of this intricate breaker and consultation is readily 
available should you have a problem in temperature-actuated devices. 
Chace Thermostatic Bimetal is available in strips, random coils or in complete 
elements. Write for our 64-page reference on thermostatic bimetal selec- 
tion and element design. 


W. M. CHACE CO. 
บ ร ร ค ร ก ร อ ทา คบ 


1607 BEARD AVE., DETROIT 9, M CH 


OUR 
READERS 


Reprint Permission 
To the Editor: 


We would appreciate your givin 
us a release on the article entitled 
Stainless Steel Powder for Mechan 
cal Parts," page 168 of thc Decemb 
1951 issue of PRODUCT ENGINEE! 
ING," so that we may distribute copi 
to the members of our industry. 

JEHU R. DERRICKSON 

Formed Steel Tube Institu 


Ed-—We are glad to extend to yo 
permission to reprint this article pre 
viding credit line is given to PRODU( 
ENGINEERING. 


Casting Article 
Surs A Discussion 
To the Editor: 


In the article “Investment Casting 
Alloy Selection and Design” by Lud 
wig and Wood from the November: 
1951 issue of Product Engineering 
several statements appear which merit 
further consideration. 

On Page 203, it is stated in 
table that beryllium copper has ‘ poo: 
impact strength." This is misleading 
In reality, beryllium copper has th 
best resistance to impact for a given 
level of strength or hardness ot апу 
of the copper-base alloys listed in th 
table. Impact values for silicon brass 

described by the authors as having 
good impact resistance"—are 
readily available from the literature 
however, National Bureau of Stand 
ards Circular C-477 gives an Iz 
value of 19 ft-lb for a silicon 
chill casting. 

As previously indicated on page 24 
of the August 1951 issue of Found 
the 2 percent beryllium copper al 
offers the following Izod impact v 
ues in ft-lb. 

Cast 65-80 

Cast & aged 50-60 

Cast & annealed 90-110 

Cast & fully aged 5-11 

Since annealed beryllium сор] 
castings have a tensile strength « 
60-70,000 psi which is equivalent 
the upper end of the strength ra 
for silicon brass, it is apparent 
the impact resistance of berylli 
copper is vastly superior to silic 
brass. By under or over aging to 
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Our Readers Say 


e the impact level to 19 ft Ib the 
isile strength of beryllium copper 
increased to well over 100,000 psi 

In listing copper alloys in the order 

their castability, the authors place 

d brass and phosphor bronze above 

ryllium copper. On раре 81 о 

ie January 1951 issue of Material! 

Methods, they previously stated 

The fluidity of the red and yel 
yw brasses and bronzes is inferior to 
ther beryllium copper or silicon brass, 
he latter of which is most generally 
redited with maximum fluidity. But 
he powerful deoxidizing effect of 
the beryllium in alloys containing it 
nakes them as fluid as silicon brass 
when copper foundry melting equip 
ment and controls suitable for han 
dling the rather sensitive beryllium 

containing metals are used.’ 

This earlier statement on the ex 
cellent fluidity of beryllium copper 
agrees with reports received from 
foundries regularly handling this al 
loy. It should be pointed out, how 
ever, that uniformity is not difficult to 
ontrol, provided reasonable care is ex 
ercised. 

Beryllium copper casting alloys are 
not particularly sensitive with respect 
to composition, so that a single aging 
treatment can be applied to alloys 
ranging from 1.6 to 2.9 percent 
beryllium. Under normal melting 
conditions, beryllium losses average 
0.12 percent so that scrap сап be 
safely remelted several times without 
affecting hardening response 

In our own operations, we have 
successfully applied a single aging 
treatment (3 hr at 600 to 650 F) with 
our 2 percent beryllium casting alloy 
for a number of years. In handling 
the many heats run over this period 
of time, standard brass or bronze 
foundry equipment and techniques 
have been employed with good results 
Oxidation, which is held to a mini- 
mum does not influence hardness r« 
sponse and, being largely confined to 
the surface, is readily removed by 
usual cleaning procedures | 

—). T. RICHARDS 
The Beryllium Corp. 
Reading, Pa 


Ed—". . . semantic differences,” was 
the authors comment. A 
reply appears below 


To the Editor 


The comments made by Mr. Rich 
ards are largely based upon semantic 
differences, and the nature of the ta- 
bles presented in our article compelled 
us to condense our comments as much 
as possible. A fuller explanation of 
the points of issue follows: 

Our reference to poor impact 
strength referred to the beryllium cop- 


detailed 
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CHEMICALS 


AMBLER PENNA. 


PROCESSES 





Technical Service Data Sheet 


Subject: IMPROVING PAINT ADHESION ON 
STEEL WITH. BRANODINE' 








INTRODUCTION 


“Granodine” is a zinc phosphate 


coating chemical 


which im- 
proves paint adhesion on steel, 
iron and zinc surfaces. In the 
Granodizing process, a non- 
metallic crystalline coating is 
formed on the treated metal. 


This bond holds and protects 


Official Dept. of Defense Photograph 


the paint finish and thus pre- Ап F4U Corsair with the Navy's new air 


raft anti-tank г 


serves the metal underneath 


cket 
zinc phosphate finist 


the entire external 


rovides a durable 


paint finisl 


the RAM A Grade I 
» (JAN-C.4% protects 
surface of tl rocket and 


hcation 





"GRANODINE" MEETS SERVICE SPECIFICATIONS 


JAN - C- 490, 
Grode | 


JAN- F - 495 


U.S.A. 57-0-2C 
Type Il, Class C 


U.S.A. 51-70-1,.- 


|p 
_| PARTS 


| CLEANING AND PREPARATION OF FERROUS METAL 
SURFACES FOR ORGANIC PROTECTIVE COATINGS 


| FINISHES FOR EQUIPMENT HARDWARE 


FINISHES, PROTECTIVE, FOR IRON AND STEEL 


| PAINTING AND FINISHING OF FIRE CONTROL IN- 


Finish 22.02, Class C | STRUMENTS; GENERAL SPECIFICATION FOR 


MIL-V-3329 | VEHICLES, COMBAT, SELF-PROPELLED AND TOWED; 


GENERAL REQUIREMENTS FOR 











GRANODIZING DATA 














Granodizing is an easily applied chemical proce Depending 
on the size, nature and volume of production, Granodizing «ar 
be carried out by spraying the parts in su tag fa 
power washing machine, by dipping the work in the «lea & 
rinsing and coating baths contained in tank r bı rushing 
or flow coating the work with portable hand equipment. Ty; 
cal process sequence and equipment requirements are shown 
below 





MULTI-STAGE POWER 
WASHER FOR SPRAY 
GRANODIZING 









PROCESS 


















SEQUENCE 
1. Clean 
2. Rinse 
3. "Granodine IMMERSION 
4. Rinse TANKS FOR DIP 
5.-Final Rinse GRANODIZING 


NOTE: Equipment can be of mild steel throughout, except 
the Granodizing stage, where nozzles mr 
peller should be of acid-resistant 


risers, and [ 


I 
material 








CHEMICALS 


PROCESSES 


WRITE FOR FURTHER INFORMATION ON "GRANODINE" 
AND YOUR OWN METAL PROTECTION PROBLEMS. 





MANY 
APPLICATIONS 
Automobile bodies and 
sheet metal parts, re 


frigerators, washing ma- 


hines, cabinets, etc; 
projectiles, rockets, 
ombs, tanks, trucks, 
jeeps ontainers for 
small arms, cartridge 


tanks, 5-gallon gasoline 
containers, vehicular 
sheet metal, steel drums 
and, in general, prod- 
ucts constructed of cold 
rolled steel in large and 
ontinuous 


are typical of the many 


production 


ts whose paint 


s protected by 
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CHACE BIMETAL hi 
MAKES THE 
BIG DIFFERENCE 





pe THESE м.р BREAKERS Mechanical као 


Jackson, Mich. 


The only external difference in these miniature breakers manufactured by 
Mechanical Products, Incorporated, is that one is black and one olive drab. 
But the BIG difference is that the OD is Trip Free— i.e. cannot be maintained 
closed against serious overloads — while the black may be forced to contact. 
This factor is of extreme importance in blowers, heaters and other devices 
requiring positive protection but with limits on weight and space. The M-P 
breakers weigh 2 ounces. 


Here's how they work: 


Non Trip-Free Black Plunger 
Type with closed contacts 





When the plunger is pressed in, the element assemblies latch in the 
position as in the right hand view, closing contacts "A". The current then 
passes through blades "B" and thermostatic bimetal elements "C" and "D". 
Resistance of the elements causes them to heat vp under overload currents. 
The upper ends of the U-shaped elements spread apart, the springs "E" 
trip the breaker and the plunger retracts bringing the element-blade 
assemblies with it as in the left hand view. The non-trip free (black) plunger 
(right) may be held in, making contact whether the condition is corrected 
or not. The trip-free (yellow) plunger, however, works freely in and out of 
the element, the movement being actuated by the smoll stop “F” which 
impinges normally against the top of the element. When the element 
opens up, the stop passes under and springs "E" move the element-blade 
assembly to open position. Contact cannot be forced. When the bimetal 
cools, the element closes up, the sloping boss (under pencil point) permits the 
stop to slide under the element again as the plunger is pulled out to reset, 
ready for action. 


Chace Applications Engineers worked closely with Mechanical Products 
in the development of this intricate breaker and consultation is readily 
available should you have a problem in temperature-actuated devices. 
Chace Thermostatic Bimetal is available in strips, random coils or in complete 
elements. Write for our 64-page reference on thermostatic bimetal selec- 
tion and element design. 
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Reprint Permission 
To the Editor: 


We would appreciate your givin 
us a release on the article entitled 
Stainless Steel Powder for Mechan 
cal Parts,” page 168 of the Decembe 
1951 issue of PRODUCT ENGINEE! 
ING," so that we may distribute copi 
to the members of our industry. 
| К. DERRICKSON 
1 red Steel Tube Institu 
Ed—We are glad to extend to yo 
permission to reprint this article pr 
viding credit line is given to PRODU( 
ENGINEERING. 


Casting Article 
Stirs A Discussion 
1 the Edito 

In the article Investment Casting 
Alloy Selection and Design" by Lud 
wig and Wood from the Novembe: 
1951 issue of Product Engineering 
several statements appear which merit 
further consideration. 

On Page 203, it is stated in 
table that beryllium copper has "poo: 
impact strength.” This is misleading 
In reality, beryllium copper has th 
best resistance to impact for a given 
level of strength or hardness of any 
of the copper-base alloys listed in th: 
table. Impact values for silicon brass 

described by the authors as having 
‘good impact resistance "—are no 
readily available from the literature 
however, National Bureau of Stand 
ards Circular C-477 gives an 1204 
value of 19 ft-lb for a silicon bras 
chill casting. 

As previously indicated on page 242 
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e the impact level to 19 ft-lb 
isile strength of beryllium copper 
increased to well over 100,000 psi 
[n listing copper alloys in the order 
their castability, the authors place 
d brass and phosphor bronze above 
ryllium copper. On page 81 of 
m e January 1951 issue of Mater 
Methods, they previously stated 
The fluidity of the red and yel 
yw brasses and bronzes is inferior to 
ther beryllium copper or silicon brass, 
ie latter of which is most. generally 
redited with maximum fluidity. But 
ie powerful deoxidizing effect ot 
the beryllium in alloys containing it 
nakes them as fluid as silicon brass 
when copper foundry melting equip 
ment and controls suitable for han 
dling the rather sensitive beryllium 
ontaining metals are used 
This earlier statement on the ex 
ellent fluidity of beryllium copper 
agrees with reports received from 
' foundries regularly handling this al. 
loy. It should be pointed out, how 
ever, that uniformity is not difficult to 
ontrol, provided reasonable care is e 
ercised. 

Beryllium copper casting alloys are 
not particularly sensitive with respect 
to composition, so that a single aging 
treatment can be applied to alloys 

1g ranging from 1.6 to 2.9 percent 
ad beryllium. Under normal melting 
| conditions, beryllium losses average 
ng 0.12 percent so that scrap can Lx 
safely remelted several times without 
affecting hardening response. 

In our own operations, we have 


001 successfully applied a single aging 
ng treatment (3 hr at 600 to 650 F) with 
th our 2 percent beryllium casting alloy 
ven for a number of years. In handling 
any the many heats run over this period 
the of ‘time, standard brass or bronze 
rass foundry equipment and techniques 
ing have been employed with good results 
no Oxidation, which is held to a mini- 
ire mum does not influence hardness re 
nd sponse and, being largely confined to 
zod the surface, is readily removed by 
ras usual cleaning procedures. 

-J. T. RICHARDS 
242 The Beryllium Corp. 
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INTRODUCTION 


Granodine” is a zinc phosphate 


coating chemical which im- 


proves paint adhesion on steel, 
iron and zinc surfaces. In the 


Granodizing process, a non- 


aÒ 


metallic crystalline coating is 
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formed on the treated metal. Cr 
| Cy 
This bond holds and protects | ( 
2 "1 Я Official Dept. of Defense Photograph Lt 
the paint finish and thus pre- An F4U Corsair with the Navy's new air ะ ๕ 
raft anti-tank rocket, the RAM A Grade I = 
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Granodizing is an easily applied chemical proce Depending : 

on the size, nature and volume of production, Granodizing car Automobile bodies and 

be carried out by spraying the parts in succe € stages га sheet n etal parts re 

power washing machine, by dipping the work in the cleaning 

rinsing and coating baths contained in tank: r by brushing trigerators, washing ma- 

or flow coating the work with portable hand equipment. Typi hines, cabinets, etc.: 

cal process sequence and equipment requirements are shown | 

we projectiles, rockets, 
bombs, tanks, trucks, 

MULTI-STAGE POWER 

WASHER FOR SPRAY Jeeps ontainers for 

GRANODIZING " 1 
small arms, Cartridge 
tanks, 5-gallon gasoline 


ontainers, vehicular 


sheet metal, steel drums 
















PROCESS | : 
SEQUENCE and, in general, prod- 
1. Clean ucts constructed of cold- 
2. Rinse rolled ste larg 
3 "Goods IMMERSION rolled steel in large and 
4. Rinse TANKS FOR DIP ontinuous production 
5..Final Rinse GRANODIZING 
ire typical of the many 






NOTE: Equipment can be of mild steel throughout, except in 
the Granodizing stage, where nozzles, risers, and f 
peller should be of acid-resistant material 
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WRITE FOR FURTHER INFORMATION ON "GRANODINE" 
AND YOUR OWN METAL PROTECTION PROBLEMS. 
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CHACE BIMETAL B 
MAKES THE 
BIG DIFFERENCE 


IN THESE M-P BREAKERS 


The only external difference in these miniature breakers manufactured by 
Mechanical Products, Incorporated, is that one is black and one olive drab. 
But the BIG difference is that the OD is Trip Free —i.e. cannot be maintained 
closed against serious overloads — while the black may be forced to contact. 
This factor is of extreme importance in blowers, heaters and other devices 
requiring positive protection but with limits on weight and space. The M-P 
breakers weigh 2 ounces. 


Here's how they work: 


Non Trip.Free Black Plunger 
Type wit! sed contacts 


When the plunger is pressed in, the element assemblies latch in the 
position as in the right hand view, closing contacts "A". The current then 
passes through blades "B" and thermostatic bimetal elements "C" and "D". 
Resistance of the elements causes them to heat up under overload currents. 
The upper ends of the U-shaped elements spread apart, the springs "E" 
trip the breaker and the plunger retracts bringing the element-blade 
assemblies with it as in the left hand view. The non-trip free (black) plunger 
(right) may be held in, making contact whether the condition is corrected 
or not. The trip-free (yellow) plunger, however, works freely in and out of 
the element, the movement being actuated by the small stop “F” which 
impinges normally against the top, of the element. When the element 
opens up, the stop passes under and springs "E" move the element-blade 
assembly to open position. Contact cannot be forced. When the bimetal 
cools, the element closes up, the sloping boss (under pencil point) permits the 
stop to slide under the element again as the piunger is pulled out to reset, 
ready for action. 

Chace Applications Engineers worked closely with Mechanical Products 
in the development of this intricate breaker and consultation is readily 
available should you have a problem in temperature-actuated devices. 
Chace Thermostatic Bimetal is available in strips, random coils or in complete 
elements. Write for our 64-page reference on thermostatic bimetal selec- 
tion and element design. 


W. M. CHACE CO. 
บ ร จ ค ร ค ต อ ทา ว ค ใบ 


1607 BEARD AVE., DETROIT 9, M CH 


Product of: 
Mechanical Products, Inc. 
Jackson, Mich. 
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Reprint Permission 
To tbe Editor: 


We would appreciate your givin 
us a release on the article entitled 
Stainless Steel Powder for Mechan 
cal Parts,” page 168 of the Decembe: 
1951 issue of PRODUCT ENGINEE! 
ING," so that we may distribute copi 
to the members of our industry. 

JEHU R. DERRICKSON 

Formed Steel Tube Institu 


Ed—We are glad to extend to yo 
permission to reprint this article pr 
viding credit line is given to PRODUCI 
ENGINEERING 


Casting Article 
Stirs A Discussion 
1 De Editor: 


In the article “Investment Casting 
Alloy Selection and. Design" by Lud 
wig and Wood from the Noveml 
1951 issue of Product Engineering 
several statements appear which merit 
further consideration. 

On Page 203, it is stated in 
table that beryllium copper has ' роот 
impact strength.” This is misleading 
In reality, beryllium copper has th 
best resistance to impact for a given 
level of strength or hardness of any 
of the copper-base alloys listed in th 
table. Impact values for silicon brass 

described by the authors as having 
good impact resistance’’—are по! 
readily available from the literatur 
however, National Bureau of Stand 
ards Circular C-477 gives an Iz 


value of 19 ft-lb for a silicon brass 


chill casting. 

As previously indicated on page 242 
of the August 1951 issue of Found: 
the 2 percent beryllium copper all 
offers the following Izod impact y 
ues in ft-lb. 

Cast 65-80 

Cast & aged 50-60 

Cast & annealed 90-110 

Cast & fully aged 5-11 

Since annealed beryllium coppe: 
castings have a tensile strength o! 
60-70,000 psi which is equivalent t 
the upper end of the strength ra 
for silicon brass, it is apparent that 
the impact resistance of berylliu 
copper is vastly superior to silic 
brass. By under or over aging to : 
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Our Readers Sas continued 


e the impact level to 19 ft-lb the 
sile strength of beryllium copper 
increased to well over 100,000 psi 
[n listing copper alloys in the order 
their castability, the authors place 

d brass and phosphor bronze above 

ryllium copper. On page 81 of 

e January 1951 issue of Matertal 

Methods, they previously stated 

The fluidity of the red and yel 
yw brasses and bronzes is inferior to 

ther beryllium copper or silicon brass, 
ie latter of which is most generally 
redited with maximum fluidity. But 
he powerful deoxidizing effect of 
the beryllium in alloys containing it 
nakes them as fluid as silicon brass 
when copper foundry melting equip 
ment and controls suitable for han 
dling the rather sensitive beryllium 
ontaining metals are used. 

This earlier statement on the ex 
cellent fluidity of beryllium copper 
agrees with reports received from 
foundries regularly handling this al 
loy. It should be pointed out, how 
ever, that uniformity is not difhcult to 
ontrol, provided reasonable care is € 
ercised. 

Beryllium copper casting alloys аге 
not particularly sensitive with respect 
to composition, so that a single aging 
treatment can be applied to alloys 


ranging from 1.6 to 2.9 percent 
beryllium. Under normal melting 
conditions, beryllium losses average 
0.12 percent so that scrap can lx 


safely remelted several times without 
affecting hardening response 
In our own operations, we have 
successfully applied a single aging 
treatment (3 hr at 600 to 650 F) with 
our 2 percent beryllium casting alloy 
for a number of years. In handling 
the many heats run over this period 
of time, standard brass or bronze 
foundry equipment and techniques 
have been employed with good results 
Oxidation, which is held to a mini- 
mum does not influence hardness rc 
sponse and, being largely confined to 
the surface, is readily removed by 
usual cleaning procedures 
-}J. T. RICHARDS 
The Beryllium Corp 
Reading, Pa 


Ed—". . . semantic differences,’ 
the authors comment. A 
reply appears below 


Го ре Editor: 


The comments made by Mr. Rich 
ards are largely based upon semantic 
differences, and the nature of the ta- 
bles presented in our article compelled 
us to condense our comments as much 
as possible. A fuller explanation of 
the points of issue follows: 

Our reference to poor impact 
strength referred to the beryllium cop- 


was 
detailed 
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= AMERICAN CHEMICAL PAIN CONRAN 
AMBLER „Ө PENNA. 


Technical Service Data Sheet 


Subject: IMPROVING PAINT ADHESION ON 
STEEL WITH GRANODINE ' 








INTRODUCTION 


“Granodine” is a zinc phosphate 


coating chemical which im- 


proves paint adhesion on steel, 
iron and zinc surfaces. In the 


Granodizing process, a non- 


metallic crystalline coating is 


formed on the treated metal. 
This bond holds and protects 
the paint finish and thus pre- An F4U Corsair 
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Grade | 


JAN- F - 495 


U.S.A. 57-0-2C 
Type 11, Class C 
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CLEANING AND PREPARATION OF FERROUS METAL 
SURFACES FOR ORGANIC PROTECTIVE COATINGS 
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Granodizing is an easily applied chemical proce Depending 
on the size, nature and volume of production, Granod & са 

be carried out by spraying the parts in succe e stages of a 
power washing machine, by dipping the work in the «lea & 
rinsing and ating bath: tained in tank r rushing 
or flow coating the work with portable hand equipment. Typi 


cal process sequence and equipment requirements are shown 
below 





MULTI-STAGE POWER 
WASHER FOR SPRAY 
GRANODIZING 









PROCESS 















SEQUENCE 
1. Clean 
2. Rinse 
3. "Granodine IMMERSION 
4. Rinse TANKS FOR DIP 
5..Final Rinse GRANODIZING 


NOTE: Equipment can be of mild steel throughout, except in 
the Granodizing stage, where nozzles, risers, and | 
peller should be of acid-resistant material 
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Our Readers Say continued 

cr in a fully heat tested condition, 
and Mr. Richards’ letter shows that 
in this condition impact strength is 
only 5-11 ft-lb compared to the 19 
ft-lb for silicon brass. Of course the 
beryllium copper has a higher tensile 
strength in this condition than silicon 
brass can possibly attain. But the 
chief reason for using the more expen- 
sive beryllium alloy in casting is to 
obtain this superior tensile strength, 
and in practice almost all of the beryl- 
lium copper castings which we have 
been called upon to furnish are used 
in this fully heat treated condition. 
We therefore think that our comment 
of poor impact strength in heat treated 
condition is accurate. 

In comparing our table with com- 
ments made in an issue of Materials 
& Methods, Mr. Richards assumes that 
fluidity is the only quality of impor- 
tance in determining the casting prop- 
erties of a metal. We grant that 
beryllium copper is more fluid than 
red brass or phosphor bronze. This 
advantage is offset in practical opera- 
tion by the need for closer controls in 
alloying and melting the metal. 

Our comment about the difficulty of 
maintaining uniformity should also be 
amplified. Mr. Richards states that 
beryllium losses averages 0.12 percent 
per melt. When a typical naval specifi- 
cation, such as Navy 46011 allows 
only a range of 0.20 percent it is ob- 
viously a matter of careful calculation 
at each heat to be sure that the speci 
fication is met. This is especially true 
if the original copper alloy ingot 
coming into the foundry is near the 
lower part of the range so that even 
the first melt is in danger of running 
under the minimum requirements of 
the specification. If the actual beryl 
lium composition of the alloy is as 
unimportant as Mr. Richards claims, 
these specifications are unnecessarily 
strict. We would be very glad to 
see them opened up, and would be 
glad to cooperate with the Beryllium 
Corporation toward that end 


Rawson L. Woop 


Flow Chart Debate 
To the Editor: 


A novel flow conversion chart ap- 
pears on page 197 of December 1951 
PRODUCT ENGINEERING by Nils M. 
Sverdrup. His method involves an- 
gles and tangents. It is susceptible 
to considerable graphical error and 
requires several lines for each solu- 
tion. I fail tọ see any advantage over 
the three parallel line nomograph, 
which needs only one computing se- 
cant. 

Let g be the specific gravity (as 1) 


Propuct ENGINEERING 


have your 


metal parts 


precision-made 


by lp 


TORRINGTON 


Special equipment and volume pro- 
duction enable us to make precision 
parts for you at much lower costs. 


For example, highest quality spe 
cial needles for textile, leather, paper, 
etc, machinery. Pins for printing 
presses and surveyors’ instruments 
Special equipment assures prope! 
heat-treatment . . . accurately formed 
eyes, grooves and shanks . . . precise] 
sharpened points . . . clean milling 
knurling, slotting, and bevelling 
Needles hand-straightened. 


We are also set up to make such 
parts as knurled mandrels and spin 
dles, screw driver and ice pick blades 
instrument shafts and pivots, surgical 
and dental instruments, pen and pen 
cil barrels, special rollers, studs, dowel 
pins, etc. 


Send your prints and specifications 
today fora pr impt quotation. 


THE TORRINGTON COMPANY 
Specialty Department 
254 Field Street * Torrington, Conn 


Makers of 
TORRINGTON ///7/; BEARINGS 
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THE OLD WAY RELIANCE WAY 


๕ 2 4 
Drill 25.5 m.m. (1.004) hole full! *Drill 1.811" (30 M.M) hole 
full length 


Recess groove .074" wide and 


Machine bore to 1.761", .9975 040" deep in bore, 1" from end 


Yi 7 2 
А 
Rechuck and machine opposite 


end of bore (о 1.761", 1.9355 © Snap Reliance Ring in groove 


2 


For some applications, seam 
less tubing may be used. elimi 
nating all drilling 


#17 ГАА ГИГ С 


р ума гиг 


No heat treating is normally 
required as ring is already 
hardened. No danger of warp 
age. If bore must be hardened 
it may be ground in one pass 
after heat treating 


а 81 


tt (b s. 0 IM 


HOW RELIANCE RINGS 


(AND GROOVING TOOL) 


Slash the Cost 


of internal shoulders 


The drawing and comparison chart above show how 
Reliance Rings and the Reliance Grooving Tool slashed 
the cost of internal shoulders on a typical application 
eliminating four operations — savin gtime and money 


Grind .00355" off shoulder in 
side diameter 


(ite пли 


Grind .0025" off bore, one end 
and 0025" off side of shoulder 


«м Е 


ө ^ Reliance Snap Rings are available in carbon, alloy, stainless 
pum a qus ee ОН steel or non-ferrous metal to specified physicals, cross sec- 

bore, opposite end and .0025 ว . 
eff side of shoulder tions and diameters—ends shaped to meet any requirement 
Reliance Rings offer opportunities for cost reduction, time 


saving and product improvement limited only by human 
RELIANCE ingenuity in finding new uses for them. 

Reliance engineers will be pleased to study your prints or 

parts and lend the benefit of their experience in considering 

possible application of Reliance Rings to your product. Or, 

if you prefer, a competent representative will call to discuss 


the possibilities with you. Write, phone or wire your nearest 
Reliance Sales Office 
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BOLTS-NUTS 


SPECIAL 
FASTENERS 


Whatever you manufacture or as- 
semble, you can speed production and 
improve your product by using Pheoll 
screws, bolts and nuts. These indus- 
trial fasteners drive easy and straight, 
and will not bind because threads are 
accurately rolled or machined. Pre- 
cision-made screw and bolt heads, slots 
and head recesses prevent wrench and 
driver slippage. Count, too, the added 
bonus you receive by using fasteners 
that improve product appearance. 

An interesting story on standard 
and special industrial fasteners and 
their profitable applications to your 
needs may be obtained from experi- 
enced Pheoll ®ngineers. Ask these 
men to recommend screws, bolts and 
nuts that will increase your overall 
profits on assembly line work. 
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Our Readers Say continued 


w be the weight in Ibs per second 
of the liquid flow (as 1.3) 
be the volume in cu. in. per 
second of the liquid flow (as 
56) 
be the volume in gallons pe: 
minute of the liquid flow (as 
).À) 
The above quantities satisfy these 
two equations which are derived from 
his chart 


› 


7.20 
\ 
To combine the two as a nomograph, 
draw three cquidistant parallel lines, 
and mark them g, w, (v.V). Draw 
any straight line across these scales 
and mark the above numerical val 
ues on the line at the several scales. 
From these points graduate the scales 
using modulus of the middle scale 
half that of the outer scaies. On the 
right scales graduate v on the left 
side and V on its right. This is in 
effect superposing the nomographs 
with the g and w scales in common 
and the right scale doubly graduated 
This single computing secant shows 
that a flow of 1.3 Ibs per second of 
i liquid of sp gr 1 will have a flow 
of 36 cu in. per second or of 9.4 gal. 
per minute. It also shows a solid ob 
ject weighing 1.3 lbs, immersed in 
any liquid and displacing 36 cu in 
has a sp gr of 1. Also that 36 cu 
in. per sec equals 9.4 gal. per minute 
A second secant has been drawn 
for a different problem using these 
ymputed values: .78 1.84 65.5 17 
which, if placed on the scales starting 
it left will be found to lie in a 
straight line. This checks the calcula 
tions with the graduations 
CARL P. NACHOD 
Nachod & l S. Senal ( Ini 
Louisville, K 


Ed—We asked Mr. Sverdrup to com 
ment on this criticism. His reply is 


1 
ом 


Ed 


I have read Mr. Nachod'’s com 
ments but fail to see that the Flow 
Rate Conversion Chart published in 
the December 1951 issue of PRODUCT 
ENGINEERING is susceptible to graphi 
ıl errors, and that the construction 
involves angles and tangents. When 
properly constructed on standard rec- 
tilinear graph paper with 20 divisions 
to the inch the flow rates can be read 
with a high degree of accuracy dve 

precision of the divisions of 

graph paper, and the large gradu 
ations of the specific gravity scale. Th 
15 intersecting the specific. gravity 

is the only construction. lin: 
required in reading the chart. The 
specific gravity graduations of the ar 


ЯШЕ 


FOR COOLANTS, 
LUBRICANTS, AND 
ABRASIVE LIQUIDS 


PUMPS 


POSITIVE DISPLACEMENT 
AND 
IMPELLER TYPES 


PUMPS 


C. STANDARDS 
OR! DIRECT 
MOTOR, CONNECTED 


АЦЕ 


“DEPENDABLE, 
ECONOMICAL, EFFICIENT 


STANDARD OR SPECIAL, 
FOR EVERY MACHINE TOOL 
AND INDUSTRIAL USE 


& MANUFACTURING CC, INC. 


19664 JOHN R STREET 
DETROIT 3 MICHIGAN 


WRITE FOR CATALOG 
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` This 
Monarch advertisement 


originally appeared 
in July, 1948 


... Under the stress of 


today’s unusual economy, 
the important message 


it conveys is more 
significant than ever! 


RELIABILITY OF SUPPLIER SOURCES is 
one of the most important elements in any 
successful program of industrial production. 
Today's "guns and butter" economy proves it. 


With 38 years of experience to call upon, 
Monarch is in an outstanding position to 
help any company whose current production 


Upon request, we'll 
send tbe complete 
"1948 series” 

of advertisements... also 
your copy of Monarcb's 
FACT- FILE for 
design, production and 
purchasing executives. 


MEET JOHN po, 
Retired” tow Da 


or 
did you know him | 
before 


ODER: 


he retired? 


MN 
М намаку 


requirements include aluminum permanent 
mold, aluminum or zinc die castings or com- 
plete sub-assembly work. 


Monarch is ready to serve you now...with 
modern facilities and processes and people 
specially trained to provide practical solutions 
to industry's most complex casting problems. 


MONARCH ALUMINUM MFG. COMPANY : Detroit Avenue at West $ 
Marcu, 1952 
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never need | are readily determined by the equatio 
| «у 


231 х 62.4 
W : GS 
60 X 123 


































which reduced to 









W 0.13903 GS 






where W is the weight rate of flo: 
| in Ib per sec, S the specific gravity 
and G the volume rate of flow 


vacuum 
| U. S. gal. per minute. 


NiLS M. SvERDRUI 
|» T T Aerojet Engineering Corporati 
Ed Flow chart was not reproduce 


on 20-divisions-to-the-inch graph pape: 
in order that our readers might hav 


1 more legible and easier-to-read chat 
to study. 





STAINLESS 
STEEL 





Facts and Figures 
Work Here Too 


I'» tbe Editor. 

Your editorial “Shall It Be A Јо! 
For The Engineering Societies?” an 
the numerous replies in your Decem 
ber issue indicate a wide spread inter 
est in the most important question fa 
ing the citizens of this republic 

It is certainly a job not only fo 
the engineering societies but for ever 
professional society and every othe 
organization that can reach the ea 
of the public. 

But it will do little good to fun 
and sputter about the situation tha 
confronts us. Instead we should hav 
some hard, cold facts to present just 
we use facts and formulas as the bas 
of the engineering profession. 

Can our congress reduce the n 
tional budget? Twenty minutes spet 


Gut — THE SKILL THAT CREATED IT MIGHT SOLVE m 
A PRODUCTION PROBLEM FOR Z/o« / | 



















the answer. 

Has communism infiltrated into o 
churches schools and colleges? Joh: 
Flynns book The Road Ahead giv 
names, dates and places that disclos 
how far leftist teachings have reach: 
to accomplish this 

Do book reviewers give liberal and 
leftist books a boost and omit review 
or discredit books on private enter 
prise and our present form of gover: 
ment? Read Irene Kuhn's pamphl 
published by the American Legion en 
titled Why You Buy Books That § 
Communism and you will have plent 
of ammunition to answer that one 

The Freeman Magazine and th 
Spotlight news letters, both publishe 

WORLD'S LARGEST PRODUCERS OF STAINLESS STEEL STEAM JACKETED KETTLES in New York, contain only powerf 
на | condensed articles on all the for: 


E" GROEN MFG. CO. attacking our country both here ar 
alfa СЁ, Va 4535 W. Armitage Ave. Chicago 39 | abroad. They should be read by eve 
7 Front Street > San Francisco i! Pcrs0n who sincerely desires to expo 

and discredit the propaganda and pe 


When your Defense Contracts ог regular 
productions call for specially built pres- 
sure vessels or processing machinery... 
put the problem up to GROEN. For half 
a century we ve been fabricating compli- 
cated and simple jobs in Stainless, Nickel, 
Monel, Everdur, Inconel. We know how. 
The large Vacuum Melting Kettle above is 
an example. We produced a quantity of 
these from bare specifications in record 
time. Consult us on your special jobs. 
Depend on our ample facilities, long back- 
ground, engineering skill and financial sol- 
idarity to deliver what you want satisfac- 
torily. Why not write us now ? 
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Adjustable 
need 


Induction 
Motor 


Simplifies operation and minimizes maintenance 


Here is the ideal low cost solution to the problem of adapting A.C. motors 
to the job of driving machines which must be operated at variable speeds: The 
ACEC Schrage-type Adjustable Speed Induction Motor —a rugged, compact, 
self-contained unit—permits a range of speeds from 0 to 2400 RPM. at the 
turn of a knob. With the standard type, it is possible to vary the speed from 
600 to 1800 (1:3) and from 0 to 2400 RPM. 


The motor is designed to work at constant torque and adjustable speeds 
At full load, its power factor is always near 1, and thus its use can improve 
the power factor of a whole plant. 


Produced by up-to-the-minute manufacturing techniques which not only 
assure mechanical precision but minimize production costs, the ACEC “Schrage” 
affords the most efficient, simple, and economical means of powering machines 
that require variable speed drives. It is used extensively in the textile field, 
and is proving indispensable for numerous applications in the chemical and 
paper-making industries. Its wide adaptability is evidenced by the fact that it 
provides the perfect prime mover for such diversified mechanisms as machine 


tools, variable belt conveyors, automatic stokers, and calenders of different types. 

Profit by learning all about the ACEC "Schrage". Write, wire or telephone 
the nearest ACEC office or representative — or communicate directly with us 
in New York. We'll be glad to supply you promptly with a complete technical 
bulletin. 


Dallas * New Orleans * Pittsburgh 
AND AGENCIES 


IMMEDIATE DELIVERY from NEW YORK + CHICAGO + KANSAS CITY + NEW ORLEANS + DALLAS and LOS ANGELES Warehouses 


BELGIAN ELECTRIC SALES CORPORATION 
Main Office: ONE E. 53RD ST., NEW YORK 22, N. Y. * PLAZA 8-3105 


Los Angeles * San Francisco * Chicago ° Kansas City ° Cleveland 
* Louisville * Washington, D. C. 
Youngstown * Savannah * Montreal! * Puerto Rico * Mexico City 


he Schrage-type motor: A rotor 

winding, similar to that of an 
induction motor, is connected 
through slip rings to a 3-phase 
supply. Brushes, on a commuta- 
tor connected to a “regulating” 
winding on the rotor, are con- 
nected to electrically separated 
phases of the stator winding. 
Changing the position of these 
brushes, by turning a knob, or 
by servo-motor with remote con- 
trol, gives variation in speed. 


Integral Horsepower Electric 
Motors in the following types 
FULLY GUARANTEED 

* Adjustable Speed 
Schrage Motors 

*® Open Drip Proof Motors 


* Totally Enclosed 
Fan Cooled Motors 


* Pump Motors: 
Style "C" Face Mounted 
Style "P" Vertical Solid Shaft 
Vertical Hollow Shaft 


MOTORS EXCEEDING 200 HP, 
BUILT TO ORDER 
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AN approved (3303-1) 


ELECTRONIC AND 
COMMUNICATION RELAYS 


| UNDREDS of thousands of R-B-M 
telephone type relays saw Govern- 
ment service in World War IH. Now most 

| of these relays are available in. hermet- 
ically sealed enclosures designed to meet 
AN specifications. 

K-B-M hermetically sealed telephone 
type relays are available in contact forms 
up to and including 4-pole, double throw. AN approved (3304-1) 
4 ampere, 28 Volts D. C. construction. 
Also 10 ampere rating up to and includ- 
ing 2-pole double throw at 28 Volts D.C. 
All relays available with approved AN 


plug connector, or with solder connections. 


Engineers! What is YOUR hermetically 
sealed relay requirement? R-B-M is developing 
new and smaller relays to meet Armed Services 
requirements. Perhaps one of these will solve 
your problems. Write giving complete relay 


specifications, application, quantity and AN R-B-M Production and Engi- 
J neering facilities in two plants, 


specifications applying. Address Dept no. located in different states, (over 
a quarter million square feet), 
can assist you in the develop- 
ment and production of special 
electro-magnetic devices for 
Armed Services application. 


R-B-M DIVISION 
ESSEX WIRE CORP. 


ogansport, Indiana 


MANUAL AND MAGNETIC ELECTRIC CONTROLS 
—FOR AUTOMOTIVE, INDUSTRIAL, COMMUNICATION AND ELECTRONIC USE 


Our Readers Say . continue 


ple whose main purpose is to pus 
this country into socialism. 

If we do not get into this scrap ; 

a positive way, and soon, we will Jeas 

a sorry heritage to the generation th. 

fought a global war and is still figh: 

ing that this country may retain it 
ideals of freedom and liberty. 

J. B. ЕбнЕ! 

Waukesha, W isconsi» 


Ed—An excellent suggestion to g 
the ball rolling 


Where Can I Get It? 


Charged Paint 
To the Editor: 


Your issue of PRODUCT ENGINEER 
ING for November, 1951, Technica! 
News lists a new electrostatic pain! 
spraying process by the Ransberyg 
Electro-Coating Corporation. 

We are very much interested in this 
process and we would appreciate it 1! 
you would forward our request for 
more information to the Ransburg 
Electro-Coating Corporation whose ad 
dress we do not know. —H. SOLOMON 

Home Steel Products Ltd 


Ed—The Ransburg Electro-Coating 
Corp. is located at 1234 Barth Ave 
Indianapolis 7, Indiana. You should 
get in touch with Mr. R. H. Stone 
Sales Manager at that address 


High Speed Computer 
To the Editor 


In the December 1951 issue of 
PRODUCT ENGINEERING on page 15! 
you mention a high-speed all electron: 
computer manufactured by the Jacobs 
Instrument Co. We are interested in 
obtaining more information on this 


device and would appreciate having 


the address of this company. 
OREN G. RUTEMILLER 
Morton Manufacturing Compan 


Ed—The Jacobs Instrument Company 
may be reached at 4718 Bethseda Avı 
nue, Bethseda 14, Maryland. 


Powder Metallurgy Info 
To the Editor: 


We are very anxious to obtain tl 
latest information on Powder Meta 
lurgy. That means the whole proce 
of making powdered metal parts. 
you have any late publications on t! 
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Readers Say continued 





ect, please advise what they ar 
names’ of such publications, 
cost. -CARL 
Aladdin Industries, 


and 
BRAMMING 


In ori porated 





For the best background materia! 
| this subject, we suggest the book 
ititled "Powder Metallurgy" by John 
Vulff, published by the American So 
ety for Metals, Cleveland, Ohio 

There have been several recent ar 


les in various publications, and we 


iggest that you contact the Metal 
Powder Association, 420 Lexington 
Ave, New York 17, N. Y. for a list 


ng. You might also request from 
them copies of the proceedings of 
their last few annual meetings. Inci 
dentally, one of these meetings will 
be held in March, and you or one of 
your associates might attend this meet 
ing. The company exhibits and pub 

cations and the opportunity of asso 
байда with leading men in the powder 
metallurgy field should prove of valuc 
to you. 


Plastic Motor 
the Edito 


We are interested in the small plas 
tic molded electric motor described on 
page 195, Technical News Section of 
the PRODUCT ENGINEERING magazine 
January, 1952, issue 

Would you please furnish us with 
the address of the El Ray Motor Coi 
pany ? R. E. Met ES 
| Ciro Cameras, l 


Ed—El Ray Motor Company, Inc. is 
located in North Hollywood, Califor 
nia. Molding material was supplied 
by Plaskon Division of Libby-Owens 
Ford Glass Co. Toledo, Ohio; and 
complete information is available from 
Mr. Wyatte Hicks of that company 


Three-Dimensional 
Plastic Nameplate 


To the Editor: 


We noticed, with considerable in- 
terest the article in your December is- 
sue of PRODUCT ENGINEERING en- 
titled “Selecting Organic Coating for 
Metal Products.” We are particularly 
interested in that part relating to 
three-dimensional plastic nameplates 
as illustrated on page 175. We have 
made repeated efforts to locate a source 
of sib for nameplates of this type 
and as yet have been unable to find 
anyone familiar with this process 

We would appreciate it very much 
if you could supply us with the names 
of those firms that are presently pro 
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ngineered for your 
specific sealing requirements 


There are no “‘standard”’ packings 
or oil seals in the complete 
Trostel line—only standard sizes 
The seal itself . . . in leather 

or synthetic rubber .. . is 
individually developed for the 
requirements of each specific 
application ... by one or more 
and distinct 


Trostel laboratories 


of three separate 


Working closely with the 
the Trostel tool 


and builds 


laboratories, 
room designs 
the tools which make it possible 
to retain in production 

the special properties and 

the 
laboratories and pilot plant. 


tolerances originated by 


Modern production machinery 
specially designed to permit full 
automatic control of critical 
time, 


pressure, and temperature 


cycles... provides further 
assurance of consistent quality. 
We invite your inquiry 
MODERN PRODUCTION MACHINER 
ALBERT TROSTEL & SONS COMPANY 
General Offices and Packings Division ๑ Milwaukee 1, Wis 
Sales Offices: Houston e Los Angeles e Worcester, Mass. e San Francisco e Seattle 
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MAKES 
POSSIBLE 


ETTER 
PRODUCTS 


A7 LOWER 












Electric Resistance 















14, 16, 18 gauge 
Carbon 1010 to 1025 


has uniform strength, weight, duc- 
tility, |. D. and O. D., wall thick- 
ness, machinability, and weld- 
ability. lt can be flanged, expanded, 
tapered, swaged, beaded, upset, 
flattened, forged, spun closed, 
fluted, and rolled. Available in a 
wide range of sizes, shapes and 
wall thicknesses, prefabricated by 
Michigan or formed and machined 
in your own plant 


WELDED 


STEEL 
TUBING 


3/4" to 4" O. D. 9 to 22 gauge 


SQUARE-RECTANGULAR 


V4" to 2" 20 gauge, 1” to 2%", 


















For automobiles is just another of hun- 
dreds of difficult tubing fabrications manu- 
factured in large quantities and at low 
cost by Michigan for its customers. 


The overflow pipe is brazed to the filler 
tube at two points and the fastener clamps 
projection welded to the tube. The cam is 
spot welded to the tube mouth. 


If you have not yet examined the possi- 
ble adaptability of welded steel tubing to 
your product, Michigan engineers will be 
glad to discuss with you the many advan- 
tages of design simplification, production 
savings and product improvement made 
possible by the use of Michigan tubing. 


Nja Consult us for engineering and 
J technical help in the selection of 


ก tubing best suited to your needs. 


Plus Fabricating of our own tubing Michigan is interested ONLY IN THE 
FABRICATION OF Stainless steel, copper, brass and aluminum tubing. 









Сам 


” STEEL TU BE PRODUCTS €0. 


More than 35 Years in the Business 


9450 BUFFALO STREET « DETROIT 12, MICHIGAN 












A Gasoline 
Tank Giller Tube 
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| Oct., 
Material 


| Nov., 
1 riple 
The 


| was inadvertently omitted. 





ducing 
trated in this article. 
Dom 


Ed 
can supply this type nameplate: Ke 
Plastics, 
sistor Corp., Erie, Pennsylvania; Cx 
eral Products, Central Falls, Rhode 


land: Santay Corp 


To the 


He 








continue 


nameplates which were ilk 


Dick WILLA! 
iestic Manufacturing C тра 


re are a few companies tl 


Evansville, Indiana; Erie R 


, Chicago, IIl 





Mail Finds a User For 
| Plastic Diaphragm Material 


Editor e 


On page 268 of the December 19 


that he 
tured a plastic material which he 


lieved t 


issue of PRODUCT ENGINEERING, yí 
published a letter from George 
Metcalf, George T. Metcalf Co. stati: 


had a client who manufa 


о be superior for use as 


diaphragm 


I have a client who I am sure wo 
interested considering any exc 


be 
tional material of this type 
therefore, please request Mr. Metcalf 
to communicate with me or give n 
the 
Co 


Ed—The George T. 


Will yo 


address of the George T. Metcalf 


Jos. L. GILLMAN, Ji 
Aldie, | 


Metcalf Co 


be reached at 68 South Main St., Pri 


dence, 


1 ( 


1 


Rhode Island 


ERRATA 


51 Page 126. How to 1 
Substituti n. The staten 
or example, the specificati 


on low temperature impact propert 
of armor plate for the tanic progr. 
requires the use of steels with nid 
content of four- to five-hundred px 


ent 


war 


greater than 


during the 
is incorrect. Low all 


steel compositions developed for û 
mor during World War II are being 
used today with few modifications 


1951 Page 144. 


Preplasticize 
Capacity of Molding Pr 


credit line under the cutaway 


drawing of the Watson-Stillman press 


This illus 


tration was supplied through the cou: 
| tesy of 
| pany 


Dec., 


W 


asben 


tence 
ranges in thickness from 1 1/46 


to 


г. 
4 in., 


the Socony Vacuum Oil C 


1951 Page 222. Lami 
f Metal and Neoprene. © 
Neoprene composit 


as specified . . .” should r r 
Neoprene composition rar 


in thickness from te in. to di 


specified 











It doesn't take a heavyweight 
to do a man-sized job 


, 


— | | Before these shears were shifted to 
Li 


| air operation the entire weight of a 
man was required on the foot treadle 
to cut the sheet metal. 

All this is changed now. A light 
touch of the girl's foot on the pedal 
puts all the power of the Schrader 
Air Cylinder to work, sending the 


2 


(^ 


^ 


ง ง ธรา ร จ ค ก” 
| 5 เ " 


knife-edge through the metal. 
This is just one example of how 


air cylinders can speed up production 


tt ll s. 0n 


and reduce fatigue ... one of many 
hundred applications of Schrader 
cylinders and valves. It will pay you 
to design your controls around 
Schrader air cylinders and valves. 


To find out how Schrader air con 


(ite Anii 


trol products can be put to work... 
to boost production . .. lessen opera 
tor fatigue ... increase safety ... send 
us a letter outlining your particular 


requirements, your idea or fill out 


ЕЕ МУ 


the coupon below. 


products 
— Mail This Coupon Today 


REG. U. S. PAT. OFF 


control the air 


A. SCHRADER'S SON 
Division of Scovill Manufacturing Company, Incorporated 


Air Cylinders * Operating Valves * 476 Vanderbilt Avenue, Brooklyn 17, N. Y., Dept. V-3 


Press & Shear Controls * Air Ejection 


Air Hose & Fittings * Hose Reels * Pres- 
sure Regulators & Oilers * Air Strainers 
* Hydraulic Gauges * Uniflare Tube 
Fittings 


Name .— 


Company. 


. 
1 
І 
І 
І | i i | 
Sets * Blow Guns * Air Line Couplers * | | am interested in more information on 
І 
І 
| 
| 
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NEW BOOKS 


Handbook of Dangerous 
Materials 


























































N. IRVING SAX. 848 page Publisi n 
by Reinbold Publishing ( rp 300 Ip 
i2nd St.. New York, N. Y. $15 по 
Covering over 5,000 hazardous z 
dustrial materials, this complete ге! Ch 
ence book offers information of ie 
most value to those concerned wit 
safety handling, storing or shippi a 
chemicals and other dangerous item wt 
These materials, including trade nan d 
products, are alphabetically arrange le 
cross referenced indexed & 
Information about cach material ii * 
cludes maximum allowable concentra ai 
tion, toxicity, flammability, storag the 
and handling, physical properti 
formulas and shipping regulation ไน 
Wherever possible, detailed inforn at 
tion 15 given On symtoms, treatmeci є 
and antidotes, first aid sug gestior x 
personnel safety precautions, fire ex ch 
tinguishing agents and other pert 
nent data. The complete text « น 
ว a Р А the Interstate Commerce Commissio | 
АТ d ITS FINEST! Shipping Regulations is included f 
ч P detailed instructions on labeling 
aging, storage, shipping and all | 
vant subjects ; 
ERE “under one roof” at FAIRFIELD is everything This book also covers the fields 
needed for producing fine gears — metallurgical explosives, 0 infections. and 
department, batteries of the most modern machines, diation safety. For chemical toxicolo, с: 
testing laboratories, complete heat-treating facilities — and fungus hazards, the “0 oe 
all operated by skilled craftsmen working under expert อ อ — " ร ร ซ์ St 
engineering supervision. By specializing exclusively ыры. | ш 0 = | H 
in "FINE GEARS MADE TO ORDER" for more than น 1: E 
thirty years, FAIRFIELD has become one of America's E i mi ad mati Masi Gaai | ва $ 
largest producers of these parts. This is why many เซ | จ T \ 
makers of construction machinery... agricultural The range of readers who will fit 
implements ... machine tools... military equipment... this volume valuable in their worl น 
tractors, trucks, and buses now regularly depend on includes safety engineers and inspe } 
FAIRFIELD to meet their requirements. For the Best tors, industrial physicians and for 
in Gears, Specify Fairfield! FAIRFIELD MANUFAC- men and plant managers. It is als ' 
TURING CO., 313 So. Earl Ave., Lafayette, Indiana. intended for research and developmer 


laboratories and pilot plant worker 
who use a wide variety of these dai 
gerous material in their daily jobs 







Aircraft Jet Powerplants 


FRANKLIN P. DURHAM. 326 ра; 
Publi hed р ) Pri „исе Н ili Ini N 
Y ré $06.65 








Although written primarily as 
text for junior and senior undergrad 
uate courses in aircraft jet powerplant 





this book is valuable to engineers at 





designers desiring basic informatior 
in this field. A knowledge of elem 
tary thermodynamics and fluid mecha 
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continued 


s is essential for thorough under 
standing of the material in. this 
volume. Knowledge of aerodynamics 
s not essential, though desirable 
Special emphasis ıs pla ed on the 
gas turbine. The first six chapters of 
this book offer a short basic cours 
in jet-propulsion and gas turbine prin 
iples Chapters 7 to 1l present 


nore dc tailed stud 


) ›ї yet-engine com 
ponents— diffuser, compressor, com 
bustion chamber and jet nozzles 
Chapters 12 and 13 cover the funda 
mentals of ramjets and rockets 

The theory of compressible gas tow 
Is developed throughout the book 
where its application is necessary 
rather than having one full section 
devoted to it. This allows the reader 
to see the direct application of the 
theory to a practical problem and also 
to see that the theory is necessary to 
the solution of the problem 

Numerous examples have been in 
luded to illustrate the application 
of the material presented and to serve 
is a guide to the solution of the 
problems presented at the end of each 
hapter 

Fundamentals have been stressed at 
the expense of mechanical and desig 
letails, although. many. photographs 
ind sketches have been included to a 

aint the reader with the general 
haracteristics of the var'ous engines 


omponents mentor 1 


Simplified Mechanics and 
Strength of Materials 


HARRY PARKER, M. $. 275 page 
6 x 9 m. Published by lobn Wiley € 
T I) 140 Fonurti ire.. Neu 
York l6. Neu York $ | 

This book is an elementary presen 
ation of the basi principles of me 
hanics and strength of materials. No 
advanced mathematics or physics are 
required for understanding its con 
tents. A working knowledge of al 
vebra and arithmetic are all that is 
required, for a thorough comprehen 
sion of the mathematics involved in 
this volume 

The fundamental concepts of force 
elocity, and stress and their applica 
ion to structural design are presented 

a comprehensive manner 

One of the most important features 
Xf this book is a detailed. explanation 
f numerous illustrative examples. In 
› far as possible these examples re 
ite to problems encountered in prac- 

Tables of allow able Stresses, proper 
es of sections and other engincering 
ita are included for the convenience 
t the designer of structural meml 
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Engineering, production 
and economic advan- 
tages obtainable with 
forgings are presented 
in this Reference Book on 
forgings.Writeforacopy. 





A Reference Book on Forgings 


METAL 
MONI 











































































Never underestimate the preference 


๑ of users of your product for the 


7 factor of greater safety that is 


а inherent in forgings. This factor 


of greater safety results from 
toughness and strength, in cor- 
rect proportion, as found only 
in closed die forgings. Consult 


a forging engineer about 


the mechanical properties 


e 
e required for your product. 
e 
ซ 
# 


DROP FORGING 


ASSOCIATION 


605 HANNA BLDG. * CLEVELAND 15, OHIO 





Please send 60-poge booklet entitled Metal 
Quality — How Hot Working Improves 
Properties of Metal’, 1949 Edition 
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from PRINT 


to PRODUCT 
in less than 























































One week delivery on intricate electrical assemblies is 
big news these days . . . but it's typical Riverside service! 
Take this special wiring harness for military electronic 
equipment, for example. Initial production was actually in 
our customer's hands just 4 days after we received his 
prints! And subsequent orders indicate complete satis- 
faction, worthwhile production economies. 
You, too, can profit by using Riverside wiring harnesses on your 
electrical assemblies! They're neat ''packaged units" . . . en- 
gineered for quick, easy, accurate installation by relatively 
unskilled labor. They streamline your product . . . often improve 
its appearance . . . and they eliminate the need for specialized 
manufacturing facilities. 
So, if wiring installation is keeping your costs up and your 
me tion down, take advantage of our specialized experience. 
'e've "harnessed" tough wiring problems for many prominent 
manufacturers . . . and we can do the same for you! Just send 
us prints or detailed product information. You'll get prompt 
engineering and production recommendations, a firm quotation 
. and dependable service! 
























COMPETENT ENGINEERING SERVICES EXPERIENCED ASSEMBLY PERSONNEL COMPLETE PRODUCTION FACILITIES 


New 





iverside Manufacturing 


AND ELECTRICAL SUPPLY COMPANY 
10225 MICHIGAN AVENUE ๑ DEARBORN, MICHIGAN © PHONE Tiffany 6-6800 


WIRING HARNESSES AND ASSEMBLIES e CORD SETS » HEATER AND EXTENSION 
CORDS » ELECTRICAL SWITCHES e RELAYS e MOLDED RUBBER PRODUCTS 
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and no reference books arc required 

This book does not present an 
short-cuts to a knowledge of the funda 
mental principles of mechanics a: 
strength of materials. There is not! 
ing new in the presentation, since th 
discussions follow the present-day a 
cepted design procedures. A thoroug 
study of the material in this volun 
should, however, afford a foundatio 
of practical information as a step t 
further study. 






Engineer's Illustrated Thesaurus 


HERBERT HERKIMER. 572 pages, 6x 

Published by the Chemical Pul 
lishing Co., 212 Fifth Ave., Ne 
York 10, N. Y. $6 


More than $8,000 illustrations 
nachine elements and essembled m: 
chinery have been collected to hel 
engineers, designers and manufactur 
ers select the machine parts or equi; 
ment that is most suitable for his pa: 
ticular purpose 

Although this book primarily cor 
sists of sketches with identifying cat 
tions, wherever necessary, an explana 
tion of the method by which the ma 














hine. element accomplishes its par 
ticular function is given. An exha 
tive index is included to save mu 
page-thumbing 

The list of topics represented in th 
work include the following: Faster 
ers; Adjusting Devices; Supports ar 
Structures; Basic Mechanical Mov 
ments; Elevators, Derricks, Crane 
and Conveyors; Transmission of Liq 
uids and Gases: Combustion: Prim 
Movers, Transportation: Industrial 
Processes ; Electrical Applian es; Con 
fort Heating, Cooling and Air Cond 
tioning, and various others 


Transient Analysis in 
Electrical Engineering 


SYLVAN FICH, Associate Professor 
Electrical Engineering, Rutgers U) 
versity, State University of New [๓ 
ey. 306 pages, 54x 8h in Publishe 
hy Prentice-Hall, Inc., 70 Fifth At 
New York, N. Y. $7.35. 





This text was written for the pur 
pose of extending transient analys 
in electrical engineering to includ 
modern operational methods, witho 
eliminating the presentation of class 
cal theory. This reflects the author 
belief that an understanding of bot 
classical and operational methods 
an essential component of the trai 
ing of a modern engineer. The or 
prerequisites for understanding tl 
subject are the conventional cour 
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NOW...a new LOW-COST IMO 


8B 8 E ££ | Ne me 
я 2 " et x e e 


pressures 


แ แ น 


(^ 
»? 


rt 


EIMA 
рукам 


-" - 
tt lll. OIM 


е 
20 


Note simplicity of unique IMO design—only 
three moving parts. IMO is reliable, quiet 
pulsation-free, compact, excellent for high- 
speed operation 


ЕЕ IN EE ¥ 


You've either heard about or used the This new rotary positive displacement 
proven De Laval - IMO A313A pump. pump gives you all the advantages of the 
Now De Laval brings you the A313B = famous IMO pumping principle. Use it 
IMO for a wide variety of oil handling for capacities to 80 gpm, pressures to 
applications for higher pressures. This — 275 psi and intermittent pressures to 325 
quality-designed, quantity-produced psi... It handles light or viscous fluids in 
pump saves you up to 40% in initial cost hydraulic systems, rotary and steam atom- 
over other IMO models for pressures up 


izing oil burners, lubrication, governing 
to 275 psi. 


systems and similar services. 


[MO nye 


STANDARD PRODUCTS DIVISION 


DE LAVAL STEAM TURBINE CO., TRENTON 2, NEW JERSEY 
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TEFLON 


at 
its best! 













































































FLUOROFLEX -T gives you "Teflon"* with 
optimum chemical, electrical, thermal and phys- 
ical properties, in rod, sheet, and machined parts 





























Here is Teflon produced under rigid control, in new equipment 
expressly designed by Resistoflex to bring out utmost inertness 
and stability in this material. You get Teflon with maximum 
tensile strength, “plastic memory,” flexibility. Sheets are flat — 
easier to handle. Rods are uniform — machine properly. Parts are 
free from internal strains, cracks or porosity. 

—90* F to 4-500" F continuous service. 
Chemically, it’s essentially inert. It 1s non-adhesive and has little 
friction. Electrically, it is virtually the perfect insulator for ultra 



































Fluoroflex-T withstands 

















high frequencies. 








We'll gladly consult with you on your application. Fluoroflex-T 
rods are available from !4" to 2" diameter; sheets 21" x 21" in 
1/16" to 1%” machined parts to specification. 


® Resistoflex reg. trade mark for its products made from fluorocarbon resins. 
*Du Pont’s trade mark for its tetrafluoroethylene resin. 
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| —RESISTOFLEX CORPORATION, Belleville 9, М. J. 

SEND NEW BULLETIN containing technical data and | 

| information on Fluoroflex-T rod, sheet, and shapes | 
| 

МАМЕ | Gi | 
| 

| | COMPANY. | 
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| ADDRESS | 
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in calculus, college physics, and stead 
state circuit theory. Alternating-cu 
rent circuits can be studied simultane 
ously with transients, as presented 
this text. No previous knowledge ‹ 
differential equations is assumed 

The first five chapters of this boo! 
are devoted to the solution of linea 
differential equations and their app! 
cation to the classical solution of cl 
trical and mechanical transients. T! 
concept of a complex frequency 15 | 
troduced by the definition of a con 
plex angle in the classical analysis « 
an oscillating circuit. The Lapla 
transform is developed in Chapter 
and applied to networks in the fo 
lowing chapter. Methods for solvi: 
higher-degree algebraic equations ar 
presented in Chapter 8 and applied t 
circuit problems in Chapter 9. Th 
Fourier integral, and trans 
forms are developed in Chapter 10 
This is followed by an introductio: 
to complex-variable theory and its aj 
plication to the calculation of invers 
Laplace transforms. Chapter 13 deal 
with distributed parameters. A re 
sume of electrical analogues of en 
gineering systems is given in the last 
chapter. An attempt is made to pre 
sent the physical basis of the mathe 
matical results obtained throughout 
the text. In addition to a large number 
of illustrative examples which are 
completely solved, over two hundred 
problems, many with answers, are in 
cluded in the text 


SCTICS, 


Elias E. Ries, Inventor 


EsTELLE H. Rigs. 360 pages, 54 x 
т. Published by Philosophical Library 
15 E 1 ก ย $; New York 16. N ) 


$4.75 


[his is the biography of a man 
one of America’s great inventors, who 
lived and invented far ahead of his 
contemporaries. Even the U. S. Patent 
Office was unable to comprehend his 
inventive genius so that some of his 
patents that are the basis of multi-mil 
lion dollar industries today were re 
fused by the patent office on the first 
offering because of their “impractical 
nature 

While every school child recognizes 
Bell as the inventor of the telephon: 
Edison the incandescent lamp and 
phonograph, and Marconi the radio 
many engineers working in the ven 
fields are not acquainted with th 
name of Elias E. Ries as the hold 
of basic patents covering: alternatin: 
current generation and transmissio: 
for Electric Railroads (1890), electr 
riveting (1891), electric welding an 
tempering (1887) and the sound m« 


tion picture (conceived in 1890; r 
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MAXITORQ 


automatic 


OVERLOAD 
RELEASE 
CLUTCH 


The tremendous expansion in the use of high pro- 
duction automatic machinery, especially in the bot- 
tling, packaging, labeling, wrapping and kindred 
fields, calls for added protection thru safety con- 
trols in power transmission equipment. 


For this purpose we offer the Maxitorq floating disc 
Overload Release Clutch which automatically and 
instantly releases when the nature of an overload 
is either a heavy shock or suddenly applied load of 
a magnitude substantially greater than normal driv- 
ing load. In such instances the machine mechanism 


New catalog gives complete engineer- 
ing specifications; shows complete line 
of standard clutches and driving cups. 


ASK FOR CATALOG No. 


THE 


C92 
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CARLYLE JOHNSON MACHINE 
MANCHESTER * 


may be clogged, products damaged and operator 


injured...all of which means expensive down-time 


The Overload Release Clutch performs most effec- 
tively and prevents heavy overload destruction. 
When jammed condition is cleared the clutch is 
re-engaged and operation continues. Simple finger- 
tip adjustment sets the clutch to transmit normal 
running load. For original equipment, specify 
Maxitorq. There are six standard capacities, !/j to 
5 H.P. @ 100 г.р.т. 


MAXITORG 


PE3 


COMPANY 


CONNECTICUT 
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fused by the patent ofhce in 1913 
finally allowed in 1923). 

Although written by his daughte 
who held her father in more than cor 
ventional esteem and love, this is п. 
a happy story. For Ries never r 
ceived either adequate financial con 
pensation or inventive recognition fo 
any of his 200 important basic patent 

Elias E. Ries, Inventor is a chronic] 
of heartbreak as it records a lone in 
ventor's unsuccessful struggles again: 
monopolies, large corporations, an 
our antiquated patented system wit 
its terrors of “patent and interfer 
ence". This 30 year battle prove 
too much for Ries who died in 192s 
absent-minded, poor and unrecognized 
Only he and his family were aware o 
his great contributions to America 


, Hn v 
when line feathers make orn. 


Incentive Management 


e feathers Ну. а เพ อา ก 


| 
Lincoln Electric Company, 280 page 


51x 9 in. Published by The Lint 
Electric Co., Cleveland 17, Ohio. $1.0 


. Switch to Arkwright Tracing Cloth! You can re-ink Everyone who is in any way cot 
erned with the management of h 
nan beings, whether it be a group o! 

ЭР" “ » : , t ) / í 1 rtainly 
“feathering” or “blobbing” to spoil your work. wo ог two thousand, will certain 
profit from the reading of James ! 


: М . d Lincoln's latest book, Incentive Ma 
Painstaking Arkwright inspection guards agement. In fact, the title of the boo! 


clean, sharp lines over any erasure without 


your drawings against pinholes, thick threads or other does not reflect its contents. TI 
major portion of the book is devo 


imperfections—Arkwright quality insures them to the philosophy of incentive 
James F. Lincoln needs no int: 
duction. His position in the Amer 
age. That is why Arkwright Tracing Cloth takes can industrial picture is well estal 
lished. However, anyone reading tl 
clean, sharp drawings that yield clear, sharp book will be very much impressed | 
the fact that Jim Lincoln throug 
out the book takes sides with the en 
: ployee and severely condenms in 
Remember: if your work is worth saving, put proper management. There certain! 
is nothing biased and because tl 
book is so honestly written it is frui 
Write Arkwright Finishing Co., ful reading for both employers an 
employees. 
Industrial Trust Bldg., : The opening sentence of the boo 


against brittleness, opaqueness, or paper-fraying due to 


blueprints years after you make them. 


it on Arkwright Tracing Cloth. Would you like a sample? 


is. ‘The world is going through a rev 
lution.” That immediately establish: 
the fact that the author is certain! 
not a reactionary and looks with r 
erets upon the tremendous progr 
in science and industry. To the cor 
trary, Jim Lincoln is looking even w 
heyond the present frontiers. At th 


i ime time, there is nothing star 
B.» ved in his principles and. recomme: 
" E б 
eT m dations 
, | 3 On the very proper premise tl 
tec 1 every man is a product of his 


Providence, R. I. 


termination and opportunities, M 


| 3 Lincoln establishes the premise th 
AMERICA'S STANDARD! FOI | 


incentive is the key to his develo: 
ment: that crises create leaders: an 
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you wouldn't huy refrigerator parts 


and assemble them yourself... 


why buy hydraulics 


и 


You could buy a motor, compressor, coils, valves, tubing 
and cabinet separately cnd put them together to make 
a refrigerator of a sort. But you wouldn't want the 
trouble and expense, and you wouldn't want to take 
the responsibility for successful operation. You would 
rather buy a complete refrigerator get the 
manufacturer's know-how and have him take undivided 
responsibility. 

Then, why buy hydraulics piecemeal when a Vickers 
Custom Built Hydraulic Power Unit offers so many more 
advantages? It is built to meet your individual re- 
quirements. All necessary pumps, valves, intermediate 
piping, oil reservoir, motors, controls, etc. are in one 
self-contained "package". It includes all needed ac- 
cessories such as oil filters, air cleaners, oil level 
gauges, fittings, etc. Hydraulic connections are grouped 
in a conveniently located manifold. 

Simplified hydraulic design, improved appearance, 

and substantial savings in installation 
and maintenance costs are the result. A 
most important advantage to both ma- 
chine builder and his customer is Vickers 
undivided responsibility for the entire 
hydraulic system. For further information 
ask for Catalog 5000. 


piecemeal 
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custom 


ICKERS built 


ИТ тга 


VICKERS Incorporated 


1454 OAKMAN BLVD. • DETROIT 32, MICH 


Application Engineering Offices: ATLANTA + CHICAGO (Metro- 
politan) ๑ CINCINNATI + CLEVELAND + DETROIT + HOUSTON 
LOS ANGELES (Metropolitan) + NEW YORK (Metropolitan) + РНЦА- 
DELPHIA + PITTSBURGH + ROCHESTER + ROCKFORD » ST. LOUIS 
SEATTLE +» TULSA + WASHINGTON + WORCESTER 


ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 
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A NEW MECHANICAL SEAL , 


...... With spring enclosed 


E: 


METAL BAND 


PRECISION- 
LAPPED SEALIN 
WASHER 


>. 
Fa k 
T HOLDING 


DENTS 


Type TIA “Pressed-In” Seal 


Since the spring is enclosed by the synthetic rub- 
ber flexing member, this new “John Crane” Type 
11A Seal has definite advantages on small water 
pump or other liquid seal applications where it is 
desirable to protect the spring from corrosive liq- 
uids. It also eliminates the need for expensive cor- 
rosive resistant spring material. Additional out- 
standing design features of this seal are: 


1. Compact—a “pressed-in’’, one unit seal. 

. Washer held stationary by metal retainer; no 
damaging stresses on flexible bellows. 

. Easy to install on production lines. 

. Retainer does not contact the shaft, thus many 


sizes can be handled, namely, ?;", ! 5", 54" and all 
intermediate shaft diameters. 

. Handles pressures to 50 psi and temperatures 
to 212^ F. 

. For use with high shaft speeds (6000 RPM and 
up) and where shaft vibration is present. 

. Mass production means low 
unit cost. 


CRANE PACKING COMPANY 1 
1845 Cuyler Avenue, Chicago 13, Illinois И EF 


~ 74 
Our new illustrated catalog 4 y, та 
is available. VÉ TAE LL MB. ) 
Typical Installation of Seal | 

in Small Circulating Pump. 


> 


n... n 


№ PACKINGS AND MECHANICAL SEALS — 

АХ CRANE PACKING COMPANY "eX 
ง \ CHICAGO >: d 
๒ AP 


Offices in All Principal Cities sm United States and Canada 
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that all men have latent abilities 
they be given the incentives to 
velop these latent abilities the possil 
ties for progress are unlimited 
Referring to the increased. | 
that will accrue through the grea’ 
ethciency of operations in indust 
Mr. Lincoln is very emphatic that tl 
customer, worker and owners of 


industries must all share in the prof 
and each to a proper degree Г] 
worker must receive a reward that 
feels is commensurate with his 
tribution 
As Mr. Lincoln points out 
management that operates on 
philosophy which he calls inc 
management, contributes to guarant 
ing the continuation of free 
prise. It points out that profit is 
the solc purpose of industry ar 
that the primary goal of industry 
to produce more and more at less a 
less cost. To accomplish this 15 
responsibility of industry 
The greatest responsibilities т 
be shouldered by the industrial lead 
ers who must be deserving of the 
positions, who must respect and ге 
ognize the skills of a worker, whi 
can justify the salaries they. recen 
and who are capable of putting 
worker under incentive pressure tl 
wil’ stimulate him to develop himself 
by virtues of the incentives. Skillf 
management must also control 
stock holder so that he will not be t 
greedy in demanding an excessive 1 
tion of the increased profits 
Talking about time study, Mt 
oln points out that this is o! 
the most important activities in mat 
Mess the worker hin 
rate wholeheartedly 
is wrong. It must be reco 
nized that the worker himself is pro 
ably the greatest expert in setting tl 
rates. Emphasis is also put on 
fact that a piece price once mad 
a contract that cannot be broken at 
it is the time study man’s job first 
find the best method of doing a good 
and then to teach that method 
One chapter is devoted to the s 
rect, “Why Incentive Systems Fail 
In this chapter the author manag 
ment to task rather than blaming tl 
worker. In fact he puts practi 


JOD 


the whole Мате оп management 


Plastic Molding 


loHN DELMONTI {93 pave 
hed by John Wiley & Sons, I 
f Neu Y rh 16 


1 1 
his book covers the process Of co 
version Of Organic plastics. materia 


nto useful industrial or consum 
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deas on Welded Design = For 


MAKE WELDS DO 
] wel ^an somet 
f single weld can 
cation of a sing е 
on. For exampie: 


r JCL} | فو‎ 
into profitable production ceive fixture and equipment 


ve 


simplified jigging s 

enlarged tap hole subassembly mé 

and center section with one mec — 

barrel One complete welding operatic” 
arrel. comple 


the barrel. ЕС 
ORIGINAL DESIGN 


AROUND 


p-wELO 
-LAP SKI SITE END 


/ BARREL- SAME OPPO 







" { WELDED as 
2 -ASSEMBLY 
X а sue- ร 


-2*r* \ 


BUTT WELD AT THIS } 

POINT- SAME ON 

OPPOSITE ENO | 1 
Ё Y 


THREE WELOS MADE 


Better Barrels «at 


Lower Cost... 


MINOR DESIGN CHANGE CUTS WELDING 
TIME... IMPROVES PRODUCT... SAVES 
THOUSANDS OF DOLLARS ON FIXTURES 


To make these stainless steel barrels as 
first planned would have required several 
hundred thousand dollars’ worth of special 
fixtures and new equipment. Redesigning as 
shown avoided most of this expense. 

A single HeLiarc weld, made from inside 
the barrel, now joins chime ring, head, and 
center section. Fixture requirements are 
vastly simplified: total amount of welding 
is less. And there’s no cleanup problem. The 
smooth HELIARC welds are free from flux and 
spatter, with no “pockets” to harbor bacteria. 

HELIARC welding is only one of many time- 


and moneysaving LINDE methods for fabri- 


Trade-Mark 
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The terms ‘‘Heliarc’’ and ‘'Linde 


DOUB 


the Engineer s Notebook 
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Products and Processes for MAKING, CUTTING, 
JOINING, TREATING, AND FORMING METALS 
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cating metals. Whatever vour metalworking 
problem, there's a good chance that LIND! 
know-how, show-how, and equipment can 
help you do the job better, more quickly, or 
at lower cost. Telephone or write our nearest 
office today. Linpe Air Propucts Company, 
a Division of Union Carbide and Carbon 
( orporation, 30 East 42nd Street. New York 
17, N. Y. Offices in Other Principal Cities. In 
Canada: Dominion Oxygen Company, Lim- 


ited. Toronto. 


e registered trade-marks of Union Carbide ond C 
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You'll find 
Air Valves for every job 
in this 














04 


Solenoid In-Line Valve Foot Valve 


a's 


Solenoid Pilot Valve Hand Valve 


$ 


Solenoid Valve Double Solenoid Valve 








Pilot Controlled Valve Cam Valve 


For 
Trigger - Quick Control 
of All 


Air - Operated Equipment 


* 


Straightway, 3 way, 4 way 


* 


Sizes: V4" thru 94" 


EFFICIENT! Full flow design 
plus simplified construc- 
поп with only one moving 
part . . . add up to more de- 
pendable performance, longer 
life, reduced maintenance. 


COMPACT! The compact de- 
sign of MAC valves makes 
them especially adaptable for 
installations where space is 
limited. 


ECONOMICAL! Yes . . . with 
all their extra advantages, MAC 
valves are actually priced lower 
than many ordinary air valves. 
Here's an investment that really 
pays off! 


ล บ ล อ ง 6 ล แ AIR CONTROLS 


BOX 5171 SOUTHFIELD STATION, DETROIT 35, MICH. 


Write For Free Catalog No. 52-B 
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analysis of the plastics molding indus 
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products. It offers a carefully planne 


try and the equipment used by th 
industry. The principles and accessor 
ipparatus that permit a molder to at 
tain a high degree of precision an 
versatility are also discussed. Ay 
prouching the subject from an eng 
neering viewpoint, this book consider 
first the flow of materials and secor 
the techniques for handling the m 
terials once the flow has been proper! 
established 

An introductory chapter discussc 
the basic commercial plastic moldin; 
materials. Subsequent chapters en 
phasize the selection and adaptatio: 
of equipment to molding prob xem. 
and show the application of scienti 
principles to molding processes in 
manner that should prove useful to tl 
industry 

The basic types of fabrication tec] 
niques are carefully and clearly d 
ussed. These include сотргеѕѕіот 
molding, transfer molding, injecti 
molding. extrusion and finishing. Th 
important subjects of heat and prc 
sure generation, distribution. and 
plication, instrumentation and pla 
layout are thoroughly covered in th 
hapters on pumps, accumulators, va 
ing and heating 

The materia 1 this book has Бес! 
prepared and seid for use by the 
lastics engineer and the plant super 
intendent. An effort кет been mad 
to glean the basic principles of mold 
ing from the rnany supporting activi 
ties, and to present useful design cr 
teria that should help eliminate the 
guesswork involved in many molding 
operations 

The many illustrations and precis 
drawings and sketches clearly presen: 
the details of design and construction 
of the machines and molds used in 
plastic processing 


Graphic Aids in 
Engineering Computation 


RANDOLPH P. HOELSCHER, Prof. « 
Head, General Engineering. Drawing 
Dept., Univ. of Illinois. JOSEPH NOR 
MAN ARNOLD, Assoc. Prof., Purdu 
Univ. STANLEY H. PIERCE, Asso 
Prof. of General Eng. Drawing Dep 
ind Asst Dean of Engineering, Uni 
Што! 197 bages, 6 x 9 1 
Published by McGraw-Hill Book C 
330 W’. 42nd St. New Y orb 36, N. ¥ 


$1.50 


Graphical and mechanical aids i 
engineering computations can ofte! 
save much valuable time and effort 
Therefore, this text was designed f 
those who wish to attain an under 
standing of the basic principles an 
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You can save MONEY 
and MATERIALS with 


ROLLED BUSHINGS 
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the actual methods of operation ot 
slide rules, alignment charts and other 
graphical aids. 

Since the derivation of emperical 
equations from experimental data is a 
very useful tool for those pursuing 
research work, a chapter on this sub 
ject is included. For the same reason 
a discussion of graphical differentia 
tion and integration is included. 

The text does not purport to offer 
anything new in nomography It does, 
however, endeavor to present many 


omplex problems of construction in a 
Send for Nicholson | 


more detailed manner than is usually 


available. A cornplete chapter is de 
voted to the construction of align 
ment charts by means of determin 


Complete Data on Welded Floats: Diagrams, ants. | 
Tables, Formulae for Calculating Buoyancies nba O 


also extended to movable-scale types 


The booklet is a standard reference for — steel. Sizes, 2" to 14” diam., press. to although no attempt 15 made to pn 
specifiers of welded floats. Nicholson 4800 Ibs.; standerd or special connec- sent the general theory of these since 
furnishes any type for external or inter- tions. Quick delivery on many sizes and it is considered unappropriate for an 
nal pressures; in stainless steel, Monel, shapes. Nicholson floats are standard elementary text such as this 

chromium, cadmium or copper - plated with hundreds of manufacturers. 


Fundamentals of Automatic 
Control 


TRAPS ‘VALVES FLOATS G. H. FANINGTON. Consultant Ene 


200 OREGON ST. WILKES-BARRE, PA. neer, Ilford Ltd., 285 pp, 6x9 n 
Published by John Wil T: 
140 Fourth Ave 
5 


Before an engineer can properly 


оа „бенә т 
| р น © б = apply commercially available control 
เก , » LENTs | equipment to the everyday plant and 
4 28e process regulation problems, he should 


have a clear picture of the theoretical 
principles which affect automatic con 


Hassall ! 4 | trol applications. This book under 


me e, 4406 takes the investigation of the basi 
4 з E 


202 เม 64 “ nature of the problems which may Lx 


А r ช่ ละ 
decimal-equivalent | ve : E เม 64 ; encountered, rather than specific details 


| 9 ว ร reg 7/64 7300 | of plant or apparatus | 
wall chart s an 19/64 ว The analysis by which the funda 
naa em 2e | | mentals can be reached is greatly fa 

2756-2464 | cilitated by the employment of mathe 
matical methods. This overcomes the 

difficulty which arises when endeavor 

ing to visualise the simultaneous be 

havior of the conditions involved. Ac 

cordingly, the author has introduced 


these methods in a manner which will 


easier to read! In three colors to make them understood by readers not 
nat , У 5 Б ๑ # 
automatically signal decimal accustomed to their use. 


equivalents of fractions. The special products which In order to clearly demonstrate cer 
frame the chart are a constant reminder of a good tain of the control principles the au- 


source for cold-headed parts. thor has resorted to electrical and me 


оь chanical analogies throughout the book 
J OH N HAS SALL, i N й — To a person familiar with the proper 
ier serie ties of electric circuit components this 
method offers a logical approach ti 
the explanation of certain control cir 

cuit phenomena. 
: Beginning with the consideration 
assall of the basic closed book control ar 


rangement, the author reads into a dis 


In such popular demand (we've 
given away 50,000) —we've made 
it better. The new chart is far 


420 OAKLAND STREET œ BROOKLYN 22, N. Y. 
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Mopping up for momma ¢: a 






If your wife has one of the popular, new O'Cedar Cellulos« ก A 
Sponge Mops, take a good look at it. You will note that th« 1 
cellulose sponge is bonded to a piece of canvas, which in turn 


is bonded to a metal plate. In each case, a 3M adhesive is used 


ЕЕ СГУ 


> 
Working closely with O'Cedar engineers, 3M developed an | 1 A 
adhesive specifically for their application. The adhesive had to ง B 
be highly resistant to soaps and detergents, boiling water, and ! 
plain, old-fashioned “elbow grease.” Moreover, the adhesive = ? 
had to fit production line methods that turn out thousands of 
high quality mops, at low cost. The success of this adhesive 
proved by manufacturer and consumer—is another tribute to 
the almost limitless versatility of 3M adhesives. 


Scientifically engineered to each job. 3M adhesives, coatinz- 
and sealers are cutting costs, speeding production and im- 
proving products daily ... in all industries! 















ee what adhesives can do for you.. 


Contact your 3M salesman. His expert advice is at your disposal 


Oy, ү 
s i i i Е S 
And for more information on adhesives, coatings and sealers. R 1,000 BA 


write 3M, Dept. 43, 411 Piquette Avenue, Detroit 2. ADHESIVES p COATINGS sil FAL 


ADHESIVES AND COATINGS DIVISION « MINNESOTA MINING AND MANUFACTURING COMPA 


411 PIQUETTE AVE., DETROIT 2, MICH. GENERAL OFFICES: ST. PAUL 6, MINN 
EXPORT AND CANADIAN SALES: 270 PARK AVE. NEW YORK 17, N. Y, 
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New Books continued 

cussion of the fundamental relation 

p ship between the control action’ of the 

idm - : regulating unit and the modulatio: 

which it impresses on the controllin; 

з unit. On-off, proportional, integral 
Here & how derivative, and combinations of thes: 
: four types of control action are cov 


ered. 
๑ ๑ * The factors which affect the trans 
Win Ну astings fer of intelligence from one circuit elc 
ment to another are analyzed usin, 
electrical and physical analogies. Thi 
section includes the rate of change o! 
one or two variables in the system, cir 
cuit oscillations sid damping. 

After the synthesis of a control sys 
tem from derived mathematical rela 
tionships, the scope of the basic con 
trol circuit is broadened to include bot! 
demand and supply changes to th 
controlling unit. 

thi Brief consideration is given to mu! 
in IS tiple control systems in which the con 

С trol point of the primary regulating 
6 unit does not remain fixed, but i 
Sco’ TCH Ta e varied in turn by the controlling unit 

BRAND D of a secondary control circuit. 

Examples are given of several pra 
๑ tical pneumatic control elements which 
dispenser respond in a manner approaching tha: 
of theoretically perfect controllers 

and the book is concluded with 


chapter on control selection and ad 
justment a valuable adjunct 


Compilation of 
Analog Transducers 


13 TWIN CITY CASTINGS USED MARK T. NADIR, Application 

"AA? neer, Allen B. Du Mont Laborato) 

IN TYPE "M" BOX SEALER In. 68 pp, 84 x 11 in. Published | 

2 B. Du Mont Laboratories. I 

Dir.. 1500 Main А: 

Here was a job that called for more than accurate ‘lifton J., Paper cover, 50 cent 
dies and close-tolerance castings. It called for co- i | 

operation between designer and die caster . . . the 

kind of cooperation so important to creative manu- 

facture. 


This ts an easy-to-use reference о! 
transducers for use with cathode 
oscillographs. The new compilati 
contains over 500 different types о! 
analog transducers arranged alpha 
betically according to their functioi 

To employ the versatility and a 


Result: an extremely successful manually operated 
box sealer for use with Scotch brand cellophane 
tape. The unit is built by Specialty Manufacturing 
Company for Minnesota Mining and Manufacturing acy of the cathode-ray escillograph 
Co., manufacturers of Scotch tape. The dispenser the investigation of non-electrical 
contains 13 zinc die castings from complex main scarch, development and industry 
frame to small trip-pin arm . . . all Twin City die is necessary that the effect in questior 
castings and Twin City-built dies. he converted into an equiva alent el 

If you have a particular die casting job, large or trical signal by means of an appr 
small, that calls for “cooperation” with your die priate transducer. Through the и» 
caster contact Twin City. Hundreds of manufac- of this compilation the user may fri 
turers have found that it pays. the model, manufacturer, and m 

chanical and electrical characteristi 
of the transducer required. 
For each transducer, the followin; 


> | 
TWIN CITY DIE CASTINGSC О. pertinent information is given: Fun 


tion; Principle of Operation; A 
ЕАО АЗИМОВ РВ. ล ง ค ม ล อ ไอ 14, MINN. cessories Required; Transfer Chara 


teristics; Power Required; Amplitud 
Range; Sensitivity; Output Charact: 
istics; Bandwith; Resonant Frequen 
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It's got a target by the 


HIS GUIDED MISSILE may go through some mighty tight turns Greer Ac 


tiiis AN 


to stay on target... and that means G loads go up. fast. But 
the Greer Accumulator in the circuit will take it. 


E: 


(ike ли 


New Guided Missiles Count On 
Greer Accumulators to Supply Power 
Actuate Controls and Mechanisms 


«1 | or rin 
ipply to р! 
High Pressure Sphericals 


VOIT, pressurt 


The se compact 


1 
ht almost anı 


„їл INE ¥ 


capacity and pressure 
High Pressure Cylindricals of the missile itself. 


Dev loping accun 
of the Greer Spe 
with a problem relating 


eineers tor 


igh Pressure Pistons 


Low Pressure Transjer-Barriers 


High Capacity Reservoirs 


There's a Greer guided missile accumulator for almost every 
requirement, or Greer will build to your exact specifications. SPECIAL PRODUCTS DIVISION - GREER HYDRAULICS INC. 


461 Eighteenth Street, Brooklyn 15, New York 


O. * Thon и 
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Serving 
INDUSTRY 
since 1887 


WASHERS and 
STAMPINGS 


Standard and Special Washers, 
of every description, from every 
kind of material, any desired 
finish . . . designed for every 
purpose ... utilizing more than 
22,000 Sets of Dies. 


Let us Quote on Your Needs. 


WROUGHT WASHER mre. 


دا 
= 


к. 
co. 


А 


с; 
CA 


THE .WORLD’S LARGEST PRODUCER OF WASHERS 


Dependable Hydraulic Seals 


Minnesota O-Rings function in air or gas 
systems as well as in hydraulic systems. Air 


cylinders . . . hydraulic valves . 
mechanisms . .. water pumps . . . bottling 
machines . . . refrigerators . . . motors . 
lubricators are a few of their uses. 
Minnesota'sexclusive injection process makes 
possible very close dimensions, uniformity 
in mass production and downright economy 
We use special compounds of synthetic rub- 
ber to meet your exact requirements. Let us 
make a quotation on your next hydraulic 
packing installation. 


. . hoisting 


Manufacturers of 
all types of small 
rubber parts 


Write for O-Ring Catalog 


MINNESOTA RUBBER & GASKET CO. 


Diagram shows 
typical installations 


3630 WOODDALS AVE. 
MINNEAPOUS 16, 
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New Books continu 
Resolution or Precision; Linear 
Weight; Range, Sturdiness; Tempe 
ture Limitations; Mounting; Size; R 
marks; and Model Designation 

For radiation studies, a special s 
tion. tabulating Geiger-Mueller Tul 
is included. A transducer access 
listing has also been included, givir 
characteristics, remarks, uses, ar 
manufacturer. Another section co 
tains pertinent reference material qu 
ing author and date of publicatior 


Physics Laboratory Manual 


CLIFFORD N. WALL, professor 
physics; and RAPHAEL B. LEVINI 
research associate in biophysics; bot! 
at University of Minnesota. 232 pt 
81 х 11 Published by Prentice- 
Hall, Inc.. 70 Fifth Ave., New York 
IL N. Y. S3.75 


In writing this manual, the authors 
have assumed that direct experience 
in the laboratory is of value to a stu- 
dent of physics for two main reasons 
(1) The results illustrate and illu 
minate general physical principles: and 
(2) The laboratory procedure intro 
duces the student to the raw material 
upon which general physical principles 
are based 

The method of error analysis used 
in this manual goes further than the 
usual reliance upon significant figures 
alone, but does not involve the use of 
distribution functions. This method 
permits the student to compute an er 
ror in the result in terms of estimated 
errors in the measured quantities that 
yield this result. Error calculations 
are called for in most of the experi 
ments 

The majority of the seventy- eight 
experiments described involve only 
standard equipment and are tradition- 
al in character. If the theory of an 
experiment is readily available in most 
general physics textbooks, it is likely 
to be omitted in this manual. If this 
theory is not readily accessible, the 
authors have generally presented it in 
somewhat more detail than is usually 
done in a laboratory manual. 

The body of the manual is divided 
into five parts: Mechanics; heat; elec- 
tricity and magnetism; wave motion 
and sound; and light. 

In the appendix, which consists of 
forty pages, are given a selected list 
of reference books, a collection of 
notes describing the principles of con 
struction and operation of many pie 
of laboratory equipment, and usef 
reference tables of mathematical func- 
tions and of physical constants and al- 
lied data. The user of this manual w 
find the appendix a definite aid 
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